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ESSENTIALS OF 
CHEMICAL PHYSIOLOGY 


INTRODLXTIOX 

Chemical Pliysiology is a branch of physiological science m’lilch 
deals with the chemical comfwsition of the txxiy and the pari played 
by the various substances found there in carrying out the phenomena 

of life. It thus differs from Phyaological Chemistry, which is a 
branch of organic chemistry, and treats of the chemical coniro^iti*:!! 
and reactions of physiological substances. These two subjects are 
closely interwoven, and this book really deals with althcvugli 

special prominence will be given, to their physiological aspect. 

The substances found in the body are numerous, and in n-jast eases 
complex; the majority of the foods from which the body is built up 
are equally elaborate, for animals do not possess to such an extent as 
plants do the power of building up complex from simple materials^ 

The elemente found in the body are carbon, hydrogen, nitrogen, 
oxygen, sulphur, phosphorus, fluorine, chlorine, ialine, silicon, sedium, 
potassium, calcium, magnesium, lithium, iron, and ocrasionally 
manganese, copper, and lead. 

Of these very few occur in the free state. Oxygen and nitrogen (to 
a small extent) are found dissolved in the blcxxi-plasma; hydrogen 
is formed by putrefaction in the alimentary canal. With ^*>ibc few 
"exceptions such as these, the elements enumerated above are fotind 
combined with one another to form compounds. 

The compoimds found in the body are divided into— 

(1) Mineral or inorganic compounds, such as water and salts. 

(2) Organic compounds, or compounds of carbon. 

The time-honoured classification of the organic principles into 

Proteins 

Carbohydrates. 

Fats 

is a little amplified in the following table ;—■ 
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i. X:tr : 

(a) alhiiniiii, niyo'^iii, gelatin. 

iM XiirDgemfrMs kpoids, e,g. the fat»like substance known as 

(/) Proitifis (if pFtiftin (kavage^ eg, amino-acids,urea^ ammonia. 

ii. Xoe-nitnjgeiious : 

(c3) Fills,, e.g, blitter^ fats of adipose tissue. 

0} CarhMydralts, eg. sugar, starch. 

0) Xm-M 2 ir&geMiWS kfm'ds, eg, cliolesterol. ^ ^ 

id) Simf/er ^rgawM suhMMtis^ niaialy products of the break¬ 
down of those previously’ eaumerated, e.g. glycerol, fatty 
acMs, lactic aeki. 

I.iviiig material or protoiilMM is the substance of which the body 
tTlls are f)iii!t. It is in a continiia! state of unstable chemical 
equilibriiiin, building itself up on the one hand, breaking down on the 
other; tlie terin used for the sum-total of these intra-molecular 
rearrange ments is metakilisin. 

The chemical substances in the protoplasm which are the most 
ini pert ant from this point of view are the complex nitrogenous com¬ 
pounds called Proteins and the group of substances Inown as the 
laipoMs. Si'i far as is at present knomm, proteins and lipoids are never 
absent from living substance, and up to the present time they have 
not l^eeii; synthesised fjy lateratory processes. 

The eliemical structure of protoplasm can only be investigated after 
the protoplasm has !)een killed. The substances it yields are : (1) Water; 
protopLisni is semi-fluid, iUid at least three-quarters of its weight, often 
more, are due to water. (2) Proteins. Ther.e are the most constant 
and abundant of the solids. A protein or albuminous substance con¬ 
tains the elements carbon, hydrogen, nitrogen, oxygen, with sulphur 
and phosphorus in small quantities only. In nMcIein, a protein-like 
substance obtained from the nuclei of cells, phosphorus is more 
abiuidaiit. The protein obtained in greatest abundance from the 
cell-protoplasm is mmf le&pro^eiM : that is, a compound of protein with 
varying amoiints of MMcIespi, IfVTiite of egg is a familiar instance of an 
albummous substance or protein, and the fact (which is also familiar) 
that this sets into a solid on boiling will serve as a reminder that the 
greater number of the proteins found in nature have a similar tend- 
cncy to amgulate under the influeiice of heat and other agencies. 
(3) Lipoids are substances which resemble fats in their solubilities ; 
they play an important part in metabolism ; as instances of these we 
may mention Iwittnn, b. fat-lilc substance containing phosphorus 
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and nitrogen, and ciolesteroL iiionohydrir aicolioL .1: Inorganic 
^ts, especially phosphates and chlorides of caldiinn sodium, anvl 

potassium. 

The fats and carbohydrates are not essential constituents of proto¬ 
plasm j but they are found within many cells (ceihcontents) and are 
mainly utilised for combustion, \rhereby lieat and other fcririS of 

energy are liberated. 



ELEMENTAET COURSE 


LESSON I 

THL ELEMENTS CONTAINED IN FHYSIOMXSICAL 

1. Take a. fragment of about ttte size of » pm aai pMm it 

m a poroelain cruciMe o'ver a 'Bmimm Imuc. Note “ttMit it cIks, Atwiaf 
the px6^s6iic6 of oarton, and titiat it off luii^^saat of 

tnniiiig flesli, whicli is dae to the fact that it coataiiis fclia attro^auai 
substancjes called pioteias. In course of tiiae tie or^Miic isatffial 
is completely bamt ap, ajid a small amoimfe of wMte arfi or iaOT^oilc 
mateiial is left behind. 

2. Eepeat tke experimeat with a pore orgmic smlwteica sai^ m 

sugar. Note that no ash is left. Gkaniag, as I^oib, mdicat« 
preseace of carbon, bat there is no duractoistic of baraiHf 

nitrogenous substances (absence of nitrogm). 

3. The chief test for carbon depends on the &ct ttafe wi« tMs 
element is oxidised it gives rise to carbon dioxide: the ^st for hydn^n 
depends on tide fact that vrhen this elemait is oxidisei it gives risi 
to vatex. If all the carlwn dioxide and water foim^ by oxictatioa 
from a weighed amount of any organic aitetanee under examlBatioii am 
collected and estimated, the amount of CMbon and hyirogm 
tively which it contains ran be ^isily adculat^ 1!lie foBcnrii^ 
exercises, however, deal only with the ijuiditative defe^^on of 
elranents. 

4. TESTS FOB CARBON.—The foEowing t«te ma M arrirf 

out with sugar. 

(a) When burnt in ide air it chMS and tie carl»a 

entirely disapp^irs, passing off in combination wi& oxygen m 
dioxide (carbonic acid gas), 

(h) Mir some of the powdered sugar in a dry morta: wi^ skint 
ten times the qLuantdty^ of cupric oxide (wMch hM imm 

water by previous hating); pla« the mixtore in m dry 
lurovided with a lubbCT^ cork perforated by a bent glass tal« which di|p 

into dther lime wat»r or baryta water. Himt the test-tube Qwa a 
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Bimsen flames and m tke carbon of tke su^ar becomes oxidised carbon 
dioxide mmm off aid causes a wMte precipitate of calcium or badum 
carbonate, as tlie case may be. 

5. T3BS1! FOB HTOBOCf-ElT.—In the exiwriment just described 
(4 b) note tiiat drops of water due to oxidation of hydrogen condense 
in tke upper colder part of tke test-tube. 

S. TlESrS FOR FITBDG-EF,—Tke greater ntuntber of tests for 
tMs d.einent are due to the drciiinstan.ce tkat, on the breaMng up 
of organic substances whick contain it, it is given off as ammonia. 
If tke ammonia is aH collectwi and estimated, the amoimr of nitrogen 
can be easily calculateiL Ejeldabl’s method for carryiiig out tbds 
tuantdtalive analysis is dwcrib^ in L^on XXU. Tke following 
exercise kower^, are t'aalitative only. 

(a) Tke ckarwstmstic od.oui of burning fimt, kom, liair, feathers, 
etc., kas beoi alimdy not^ and, tioMb. only a rough ti^ is very 
farustwortky. 

(b) Take a litlle dri^ albumin and mix it tborougbiy in a mortar 
with about tw^mity times the amoxmt of soda-lime and heat in a 
t^drtalm over a Bunsmi tame. Ammonia com^ in Ike vapours 
product, and may* be lecc^nisod by (i) ita odour ; (ii) it turns 
moisteaed red litmus paper (held over the mouth of tke tube) blue; 
(iii) it gives off white fumBs with a glass rod (held over tke mouth 
of Ike tube) which has been dipped in kydrockloric add. 

(c) Mix some dried alhmnm with about ten times its weight of a 
mixture of equal parts of magnesium powder and anhydrous sodium 
caokinate. A small quantity of the mixture is then carefully heated 
in a dry t^-tube and tnally heated more strongly for about half a 
minute to red heat. Dip the tube whilst still glowing into a mortar 
containing about 10 c.c. of distilled water and grind up with pestle; 
the tube will break and its contents mix with the water. Filter and 
label the flltxate A; divide it into two parts; to one part add one 
or two drops of cold saturated solution of ferrous sulphate and a 
drop of ferric chloride solution. Warm the mixture, then cool and 
acidify with hydrochloric acid. The fiuid hewmm bluisli-gr^ii, and 
gradually a precipitate of Prustian blue separates out. This test is 
due to the fact that some of the nitirogen is fixed as sodium C3ranide, 
and this gives the Prussian blue reaction with the reagents added. 

7. TESTS FOR SULPHTDR.—^(a) In tke foregoing test (6 c) the 
sulphur of the albumin combine with the sodium to form sodium 
sulphide. This may be detected by taMng Ike other part of the 
tltirate A and adding fir^hly prepared solution of sodium nitro- 
prusside ; a reddMi-violet colour forms. 
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<b) TEST POE LOOSELY OOMBIMED SULEHUB. -AM 2 irops 
of a neutral lead acetate soluiaon to » few c.c. of caustic soliticiL 
The precipitate of lead hydroxide wMch is first f orm«i s»a iiiaolres. 
Heat a smaU portion of the alhamiii with tMs ^kaJiae Milmtica. Tk^ 
mirtiire turns black in consetneiice of the fornmtion of ii»i smlfMie, 
l)art of the smlphni present in aHumm haviiig Imn s^t off fi®a it 
hy the caustic soda as sodium sulphide^ 

(c) Take some dried alhnmm and fmm with a mixtart of p>t«h 
and potassium nitrate. Cool; dissolve in water and liter. Tki 
filtrate will “give the foEowing twfc for snlplmtM Acidalatt witt 
hydrochloric acid and add tarinm cMoriie; a wMte pricipitate rf 
hariim snlpkate is produced. 

8. TEST POE PHOSPHORUS.— The test jnst tMciihed (7 c)may 
he repeated with some sntetance (such m caseinogeii, nndeo-protem. 
or lecithin) which contain ^ospkorms in oi^amc combination; or 
the organic matter may he more conveniently destroyed hy Moimam** 
method, which consists in heating it with a mistiiid of sulphuric 
and nitric acids. The resulting fluid in mdi mse gives the foEowinf 
test for phosphoric acidMix it with half its volume of ccncentated 
nitric acid; add ammonimn molybdate in excess and boil; a yelow 
crystalline precipitate of ammonium phospho-molyMate Mis. 
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The practical exercises of the foregoing lesson show, in the first 
instance, how the substances with which we have to deal fall under 
the two main categories of organic and inorganic. In some of the 
tissues'of the body, such as bone and tooth, the inorganic or mineral 
material is in excess, but in the softer portions of the organism the 
organic compounds are in great preponderance. 

Organic chemistry is sometimes defined as the chemistry of the 
carbon compounds ; carbon is in all cases present, and is usually the 
most abundant element. 

The most important of the nitrogenous substances are^tlie proteins, 
as already explained in the introductory chapter, and the detection 
and estimation of nitrogen are thus exercises of the highest interest. 

■ All the proteins contain a small amount of sulphur; keratin, or 
horny material, contains more than most of them do. 

Phosphorus is another element of considerable importance, being 
present in nuclein and nucleo-proteins, and also in certain complex 
lipoids, of which lecithin may be taken as a type. Iodine occurs 
in a complex organic compound (thyroxin) in the colloid substance of 
the thyroid gland; iron in the pigment of the blood called hsemo- 
globin ; sodium, calcium, potassium, and other metals in the inorganic 
substances of the body. It would, however, lead us too far into the 
regions of pure chemistry to undertake exercises for the detection of 
these and other elements which might be mentioned, and have been 
already commented upon. The teacher of physiological chemistry 
is bound to assume that the students who come before him have already 
passed through a course of ordinary chemistry. 

The main interest of the exercises selected as types lies in their 
physiological application. As a rule an element is detected by breaking 
up or oxidising the more or less complex molecule in which it occurs 
into substances of simpler nature, and then performing tests for these 
simpler products. Thus carbon is identified by the formation of carbon 
dioxide, nitrogen by the formation of ammonia, and so forth. 

A great many reactions which can be performed in the test-tube 
imitate those which are performed in the body. Reactions in vitro 
and in vivo, to use the technical phrases, often, though not always, 
run parallel. Life, from one point of view, is a process of combustion 
or oxidation ; the fuel is supplied by the food ; this is incorporated by 
the tissues and is then burnt up by the oxygen brought to it by the 
blood-stream, giving rise to animal heat and other manifestations of 
energy; and finally the simple products of oxidation or chemical 
breakdown are carried to the organs of excretion (lung,' skin, kidney, 
etc.), where they are discharged from the body. 
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A candle consists principally of rarhon am! liydrogan , aL/t O 
burnt, the products are carbonic arid and watiT; the i n’,>T oar; 
be detected by means of lime %vater, the latter, !)y holdii\: a dry 
upside down for a few iiionients twtT the ‘curnin^ candf., \cian the 
moisture will condense on the cold glass. 

The body is more complex than a candle, hut so far as its carb'in 
and hydrogen are concerned the final product^ of n .c. L\ 

same. The carbon dioxide is discharged by the expire! air, 'r.ac cc 
proved by blowing it into lime water. The meiter find> an be 

several channels, lungs, skin, and kidntns. The pre-^en. i * f !.:tr a* n 
in the body is perhaps the most striking chemical di-tln-tii n Inta a n 
it and a candle, and here again the process of mrU!>")llNm riirN a ic ur^e 
analogous in some degree to our experiments im : for tlie 
important and abundant substance which contains the 
is the simple material ammonia; but aiiimcnid is oni}-" cliv'iurg^d 
such to a very small extent in health. It unites with rarb' n 
oxygen to form the substance called urea (Ci 1X21^4), wliitfi finil- way 
out of the body via the urine. The urine abo contains the ^Ltiph.*tra 
due to the oxidation of the sulphur of the proteins, and tiic pha'.phates 
due to the similar oxidation of the phosphorus of such vah<ancr> as 
lecithin and nuclein. Some of the salts of the urine, h> ‘Wvvei, in 
particular the chlorides, come directly from the fo^od. This me 
discuss at the proper place when we come to the study of the urine. 
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SOME TYPICAL ORGANIC CX)MPO0ND8 

m • 

L Aiimwm. iftM following reactions are to be 

«iii^ oil witi » pcr-ceil alcokol or with tke distillate obtained 
frm m alcoholic lifiid The ise of a distiUmg apparatus should 
^ i^oaitratwi 

(a) Adi 10 ixo^ of alcohol to a ramli quaatity of sodium acetate 
cifi^^ in a test tube. Allow about 3D drops of concentrated 
mi to om fes mixture and warm gently. Aceik ester 
(^yl atttate) k formed, and is recognised by its characteristic 

G.^m + m^tmu » + h ^ o . 

(I) Mix a few drop of alcohol with an eqml amoimt of benzoyl 
Atoie aid excess of staronff potash. On continuous shaking 
Initeiit «i»l of bai»yl dUoride disappears and is replaced by 
^ ftrait-lke of hemmic edtr :— 

+ OgH^OOa - 0^.0000,Jffs + HCL 

(e) WKm 3 irt^ of alci^ol wi'fe two drops of concentrated sulphuric 
mM, A^r the meU of eiker (ethyl ether). 

(d) Warm 10 dn^ of alcohol witti 5 dro|w of concentrated sulphuric 
mM. After neutralis© witti potash or soda. Potassium or 

sodim ethyl sili^te is ^us obMn^; add a few dioi^ of sadimn 
wanaiag, eihjl wiermpimi is formed and ms^ be 
ite guMc-iiie smel 

+ HaSH » + Ha^SO^. 

{©) Add 1 drop of alcohol to altout 5 €.c. water. Make alkaMne 
wi^ stoong p>tash and add iodine s^dution unlil the fluid remains 
j^ow. On waraiiiif a y^low aystehine predpitate of iodoform (CHIs) 
awl ite cittmetodstic saell te moficed (Lielmn^s amction):— 

4- iliaOH 4 - 41^ « CHIs + H.CXX}Ma + AFaT + 5:B^0. 

I. AmHEYDB {acdiddeh^de),--WKm a flewdro^ of alcohol with 
a aduMott of potaMim btoknmate smA dhute sul^urio add. 

W 
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toliitioE tiims green, owIe^ to reductioa. Akimf^de is fomei aal 
recognised ty its penetrating and irritanl smell: — 

CH:3,CH..0H O - CH3.CHO 4- Kp. 

Perform tie follomng reactions witii tie solmtioa of aidekyis 

supplied. 

(a) AcetaJdeiyde solution reduces FekUmfs mliitwn on tailing, 

and a yeUowisi-red precipitate of cuproiB oxid© is form^ 

C 3 H 3 CHO + 20 n 0 + MaOH = CHg.OOOm 4 - Ca.O p 

(b) Add a few droi« of dilute ammonm to silTcr nitmte until the 
wMte precipitate just redissol¥es, and aid a few iiroi» of dilute alie- 
iyde solution. Then add a little potasi, place tie tub# m m coM-watw 
bath and heat to boilmg. A mirror of mdallu sihrr is foniied : — 

AggO + OH3.0HO - Agg + CHgXCXlH. 

(c) On warming an aldehyde solution witti caustic alkalis a brown 

resinous substance (aldehyde resin) is formed; IMs is inrolnMe in 
water, but easily soluble in alcohol or etiier. 

(d) Add a small amount of an aldeliyde solutioa to a scimtion of 
phenylhydrazine hydrochloride and sodium »eetat©» An oily hidmzmi 

is formed 

C0H:^.3ra.NHg + CH 3 .OHO = : CHLOTg 4- Hp. 

(3) POEIOO ACID.—(a) Sodium format© dissolved in a Mttte water* 
is acidified mth dilute sulphuric acid and warmed. Formic acid 
comes off and is recognised by its smell. 

(b) Warm a concentrated solution of swiium fonnate witii &mmm~ 
trated sulphuric add. An odourless is d©Teioi^ wMch bmim 
with a blue flame (oarlmn wwnmdde ):— 

H.COOH = GO + HgO. 

(c) Add a few drops of alcohol and a few drops of cimcentrated 
sulphuric acid to some dry sodium formate in a t^-tube and wami 
the mixture. Hotice the smeU of formic eden 

(d) Add silver nitrate to a dilute solutioB of sodium formate mi 
warm. A deposit of black metallic siimr is fonned— 

2H.OOOAg = Ag^ +- H.CXK)H 4- CO^. 

(e) Heat a solution of mercuric obloride with a solution of swiiiiHi 
formate. A white precipitate of mercurom eMonde is fonned ;— 

2HLCOOMa + 2HgOl2 = WgPk -i- OOj + 00 + 2Ma01 4 - HL^O. 

(0 A solution of formate gives a rmi solution on the additloa of 
ferric chloride. On boiMng a hroimuk~red precipUMe is form«i (a tenc 

iron formal^) which dissolves on tiie addition of hydrwMoiic wiA 
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I ACWIC ACIl m frt^rti from alcohol by oxidisi^ viti 
^rnmiMSAti mi sBlpbrnric acid, and then distiEinf it 

TOr ll li by . 

^te mi smell of vinegar. 

■«i * m ftw top of flicM acetic acid with potash or soda 

^ M. firac cMcnii; thi red colour of ferae acetate appara; on 

toiiM 4 towitA rti peeipitati of Iwic ferric acetate is formed. 

I iXAMC ACI'l..-\*'= H«»t a few cryst^ of oxalic acid on 

^tiaM M mcktl Mi It ToMtlMses withoit chamiig or separatioD 

#f mrtem , • 

I E f«w cTfstili of oaMc acid in a few ex. of concentoted 

m%4 »i warn. &rkm monoiiie and carbon dioxide are 

« oo. + oo 4 - m^o. 

(€1 A.ciii^' a of os^c acid with dilnp sulphuric acid 

mmM M.dM yt imM iaw y Tfiimji,«aA tA The cololu of th .0 peiinangaiiat© 

is iimhMgM ■ 

m^m.(mM 4 - 0 « aoo^ + h^o. 

?#,) ^oiitf ,« Mriia chloride) gives a white precipitate 

with ^4 Mlitim Thtt© cartes are not soluble in acetic 

Mt M9 iokblt m ^dK»liloric acid. 

(mrMie AM a few drop of dEnte ferric 

eli«iii t« a ^mml iolitioa: » pinpie colour is formed, which is 
^ ^tocMorlc mM — 

FeCHg (C^tt^O)3Fe +• 31HGL 

fh) i41l^ teoaiie water to a ddnte «)lntioii of phenol, a 
p»cipitete of teliromophenoi is produced 

mm to wmw iSmte »la"ioas >- 

am,m h sar^ - OABXrOH + SHIBi. 

Xf » iiito solsMoa wi^ nitiic acid. A hrigjit 

'fladc acid;, wMdi turns inbo a brownish- 

+ $m'% « o^(m(}^)pE + sh^o, 

(4; 1^«’« pv« a tof iM eolosr on vramdng with evMi 

wf 
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IS 

It is necessary to study first srmie of the sinud^' 

r organi 



\T 

in order that we may undtTstant! the nature ?>j 

: the lie. 

tre el 


ate 

substances wdiich are found in the fxxiy. 





Hydrocarbons.— These are compounds li} 



oitL 


and form the basis of classification in organic clii-r 

rii>try. 

The ^ 

'mp" 


hydrocarbon known is meikam\ or mar^h ga^ : 

it has 

the ! 


;;hi 

CH4: if one of its hydrogen atoms is replaccci 

liV by Jr 

\yh 1 

iH, 

ae 


obtain the simplest alcohol ; thus : — 

H 

CH.DH 

;inclh\ ! alc.'J"*;’' 

The next alcohol in the series is formed in a similar way from the next 
hydrocarbon^ C 2 H@ {eikane) ; thus 


CH, 

1 

CH, 

1 

CH3 

CHj.OH 

[ethanel 

Irtlj J 1 akoliOl 


and so on. 

Alcohols. —We may take ordinary or ciky! alcohol as a type of that 
important class of organic substances known as the alcohols. The<e 
are substances the knowledge of which may be regarded as the starting 
point of many other organic compounds. Ethyl alcohol has the 
formula C^H^O ; one of its hydrogen atoms is replaceable by metals 
such as sodium or potassium, and we may therefore write the fonniila 
CgHgOH, the last hydrogen atom being the one which is replaceable by 
other monad elements. This atom is united to oxygen to form the 
atomic group called hydroxyl (OH), The hydroxyl can be replaced by 
chlorine by treating alcohol with phosphorus pentachloride, and a 
substance with the formula QH^Cl is obtained. The atomic group 
CjHg which is unchanged and united to OH in alcohol, and to Cl in 
ethyl chloride, is called the etky! group. 

There are other alcohols in which the place of ethyl is taken by 
other organic radicals, or aikyis. Thus if the radical called meiky! 
(CHg) is united to hydroxyl we obtain meikyi alcohol, CHg.OH. 
These two alcohols, methyl and ethyl, form the first two members 
of a group of alcohols, which are termed monohydric ; all of these 
contain only one hydroxyl group, and the following is a list of the first 
six members of this group with their formulae 


H 

! 

CH 3 

f methane I 
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CH,.OH 

methyl alcohol 


cihyl 

(yi-.oH 

|)n>p}i 

ckcH 

fyiityl 

<Wn'>H 

amyl 


hexyl 


llivh i> fr. .!i\ Ih^‘ ]>riH‘«iins 4 tw t 

Aliekyies ml Ittonta- In the ak\>!ic)ls there are possibilities 
fat If, to (€ciir ; by thi> one iiioans that although J'Vi:o (or more) 

may have the >aine enipihcal formula, the arrangement of 
the atonic or ahoBic gr4r4i|H I’v'ithin the molecule is different. A 
/rmurj' ah c.fio! is oiit* in which the hydroxyl (OH) and hydrogen 
atoms are attaohcci I*) the same carbon atom; it therefore contains 
tlit‘ group t Thus the tbrinuLi for common alcohol (primary 

ethyl aiccliol) inav Ih‘ written 

CH3 

CH^-OH 

and the formula for the next alcohol of the series (primary propyl 
alcohol) is c— 

fHs 

j 

CHa 

CHg-OH 

If a primary alcohol k {>xi(iiseci, two) atoms of hydrogen are removed, 
and the oxidation prcxliict so formed is called an aidekyde (the name is 
cierived from alcohol dehytirogciiatum ’’) ; thus methyl alcohol yields 
Jfirmaidekyde^ ethyl alcoliol yielcLs acetic aidekydey and propyl alcohol 
yields frcpiimii aidekyde^ as shown in the folloming equations :— 

H.CHg.OH « H.CHO -f H^O 

ttkWisfl! 'if-rn^adelndel 

CH,.CHjOH + O = CHj.CHO +HjO 

Ifeihyl afcofeoll facetic aldebyilel 

CH 3 ,€Hg.CH,OH 4 0 * CHgXHj.CHO + H^O 

44't)pi I o-JCuliU I Iprupio .ic aitJs.hjde] 

The typical group of the aldehydes (CHO) is not stable, but is easily 
oxidisaMc to form the group COOH, •which is called the carboxyl 
group. The readiness with which aldehydes are oxidisable renders 
them powerful Tedudng agents, tne! tests for their detection mainly 
depend upen this fact. 
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ITi 

A secondary alcohol is one in wliidi the (IH grc^up and 
atom are attached to the same carhrm dUmi—thus mopyl 

alcohol (the first case where isonierisiii i> i !ia> ttie UjrniuLt 

CHg.CFiOHrHa. 

The typical group is therefore the divalent radicul "-I'lD TL an! ode. n 
this is oxidised, the hrst oxidation prcxiiict is railed a Ir/aee. tliij- : - 

CH3.CHOH.CH3 + 0 = CH3.CT1j;H;j t H/) 

hecondary propyl alcohol j Spre-p) I 

It therefore, contains the group > CO, Propyhketone is usually railed 
acetone, the tests for which we shall have t«> consider in niir study of 

diabetic urine. 

In the next alcohol 0 MJyI a/ivkel) four isomers are |x:s>ibl€\ one of 

which is a tertiary alcohol,iV.it contains the trivaleiit radical.. C ~ OH. 

which breaks down on oxidation into smaller molex'ules. 

Tie Tatty Acids.— These forin a series of acids derived from the 
monohydric alcohols by oxidation. Thus to take ordinal}^ ethyl alroliii, 
CH3.CH2OH, the first stage in oxidation is the removal oi tw ? atonic 
of hydrogen to form an aldehyde, CH3.CHO, as we have just seen ; on 
further oxidation an atom of oxygen is added to form the add called 
acetic acid, CH3.COOH. A similar acid can be obtained froiii the 
other alcohols of the series, thus 

From methyl alcohol CH3.OH, formic add H.CCX)H is obtained 
„ ethyl „ C^H^.OH, acetic „ CHg.COOH „ 

,, propyl „ C3H7.OH, propionic „ CgHglTOOH 

„ butyl „ butyric CgH-.COOH „ 

„ amyl „ CsHi^.OH,valeric „ C4H^.COOH 

„ hexyl „ C|Hi 3.0H, caproic „ QHu.COOH 

and so on. 

Or in general terms;— 

From the alcohol with formula the acid with formula 

Q,„iH2„_jCOOH is obtained. The above series of acids eoestitiites 
that known as the fai/y add series. Just as their parent alcohols 
contain one OH group, so do the acids contain one carboxyl group 
(COOH) ; they are therefore termed mamcar^i^xyld adds. 

In addition to the monohydric alcohols, there are other scries of 
alcohols which differ from these in containing more than one OH group. 
Those which, like glycol [C 2 H 4 .(OH)J, contain two OH groups are 
called dihydric ; those which, like glycerol contain three 

OH groups are called trihydric ; there are also tetrahydric, pentahydric, 
hexahydric, etc., series of alcohols, containing resp^tively four, five, 
gixj etc., hydroxyl groups ; and the hexahydric alcohols are particularly 
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interesting to the physiologist as they are the parent substances of the 
chief carbohydrates. 

The aldehydes or ketones obtained as the first stages in the oxida¬ 
tion of these alcohols are correspondingly complex ; and by still further 
oxidation organic acids are produced. Thus oxalic acid is an instance 
of an acid obtained by the oxidation of a dihydric alcohol; it is there¬ 
fore a di-carhoxylic acid^ as it contains two carboxyl (COOH) groups, 
just as the alcohol (glycol) from which it is derived contains two 
hydroxyl groups. 

We may give the formulae for glycol and its derivatives as an 
example of a dihydric alcohol, but it will not be necessary at this point 
to go into further details of other more complex alcohols :— 


CH2.0H 

CHO 

COOH 

CHO 

CHO 

1 

COOH 

j 

CH2.0H 

CHj.OH 

CHg.OH 

1 

CHO 

1 

COOH 

(ioOH 

[glycol] 

[glycolUc 

aldehyde] 

[glycollic 

acid] 

[glyoxal] 

[glyoxylic 

acid] 

[oxalic 

acid] 


Ethers are obtained by abstracting water from two molecules of an 
alcohol, and may be regarded as the anhydrides of alcohols. Ethyl 
ether, usually called ether simply, is obtained by heating alcohol with 
concentrated sulphuric acid, and the reaction occurs in the two stages 
represented by the following equations :— 

C2H5.OH -f H2SO4 = C2H5.SO3.OH -{- H2O 

[eihyl alcohol] [ethyl sulphuric acid] 

QHs.OH + C2H5.SO3.OH = CjHs.O.CjHg + H2SO1 

[ethyl alcohol] [ethyl sulphuric acid] [ether] 

It will be noticed that the sulphuric aoid is recovered unchanged at 
the end of the reaction, and therefore theoretically a small amount 
of sulphuric acid will transform an unlimited amount of alcohol into 
ether. We shall find later in our study of the action of enzymes that 
these important agents in the chemical transformations in the body 
are characterised by the same property. They probably act in a 
manner analogous to sulphuric acid in etherification, participating 
in intermediate reactions, but are present unchanged in the terminal 
reaction. 

Esters.—The formation of esters or compounds with acids is a 
reaction typical of all alcohols, and is analogous to the formation of 
salts which occurs when a metallic hydroxide reacts with an acid. 
Thus if sodium hydroxide and nitrous acid react together we get 
sodium nitrite and water, as shown in the following equation :— 

HNOg -f NaOH = NaNOg + HgO. 
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The similar interaction of ethyl alroho! and nitroiis arid results in the 

formation of an ester (ethyl nitrite) and water : — 

HNO^ + CaH^.OH^QHjATX i™ H/) 

fethyl alcohol; |cihyl niirite'i 

The next equation represents the reaction between alcohol and an 

organic acid (acetic) :— 

CH3.COOH -f QH5.OH ^CHs.CO.Or^Hs -s. HgO 

. Jaceiic acid] fethyl *!cohol| Irihy ! aceiaie or 

ac«li<c estler ] 

Amino-acidLs.— These are nitrogenous derivatives of the fatty acids, 
and are the building stones from which the proteins are constnicted ; 
conversely they are the products obtained from proteins w’lien these 
complex substances are broken up. We shall consider them more fiilly 
in our study of the proteins, and so we may here be coiitent with a 
typical example. 

Acetic acid is CH3.COOH. 

If one of the hydrogen atoms in the CHg group is replaced by the 
amino group (NH 2 ) we obtain CHj.NH^.COOH, which is 
add Qfi giydne, 

AromaMc CJonipomds.—These are derivatives of the hydrcxrarbcn 
called benzene^ CgH^. The organic substances wt have coii&iiiered uf) 
to this point are usually spoken of as belonging to the fatty or aliphatic 
series ; in these the carbon atoms are united together in an open chain. 
The aromatic compounds on the other hand are characterised by the 
carbon atoms being united together by alternate single and double 
bonds into a ring, and the formula for benzene^ the simplest meniber of 
the group, may therefore be written graphically in the following way 

H 

C 

H-C €-11 

1 I 

II-^C €—11 

C 

1 

H 

By substituting different groups (side-chains) for one or more of the 
hydrogen atoms, all other aromatic compounds are obtained. 

The benzene nucleus itself is extremely stable ; such pnxesses as 
oxidation and reduction can be applied to it without destroying it. 
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The >!: r‘tr uuncK hy the* action of nitric acid is 

^hara^1o^>!^ t i' iI'Ti\j!nr- r>f fa-n/uie, whereas such treatment wdll 
- iin- c’l! Cl aliphatic Mlb^tances. A few aromatic 

lOiapi uihU *j!c h .aic in the anlipal organism, for instance, hippuric 
a< ihi in the armw; v, r-r, ‘-lich as iyTo^iIlt^ are found among the 
4hc'»*!e]KjN4i. *1 |.r'ili* ^4' proteins; hence a knowledge of these 
t s ’P n. fi»r the stucknt of physiology and medicine. 

iff acid Is iniiiRk'd amemg the substances tested 

f'4 hi !ht a ooni|ijiivi!ia pra^Yca! ksson to remind the student of the 
exRtrn* f tvf aroiiuitlc coinyoiinds ; it is a hydroxyl Privative of 
and ils loniiula may he written CuH^.OH, or graphically:— 

fill 

c' 


II -r c ii 

If., c 


c 

ii 

that is, erne of the hydrogen atoms is replaced by hydroxyl (OH). It 
Is, however, usual to write it as slicmm below 

oil 


I 


the oerhanged portion of the benzene nucleus being depicted by a 
simple hexagon. 

We shall come across more complicated derivatives of benzene in 
the further stud? of our subject; and we shali^ moreover, meet with 
other ringed cornpoiinds (hetcrocyTlic) in which nitrogen occurs within 
the ring ; siicli substances as pyridine and pyrrol and their derivatives 
are included in this category. They are important as the mother 
siibstanres of many alkaloids. 



LESSON IH 

THK CAR BOH Y i )RAT ES 

G-lucose, cajie sugar, dextrin, starcli, and glycogen axe fiTen ronad 
as tyi)ical and imiwrtant cmrlwliydratm. 

1. G-LXJCOSR—Perform the following tests with a solution of 

glucose :~ 

(a) Trommer^M Test. —Pnt a few itro|» of cop;^r sulphate solmtioii 

into a test-tube and add a few c.c. of stroi^ mustic Cte 

adding the caustic potash a precipitate is formed, wMdi, on adiition 
of a glucc^e solution, rapidly redi»ol¥es, forming a Mme solution^ On 
boiling this a yellow or red precipitate (cuprous hydrate or oxide) forms. 

(b) FeMifig's Test. —FehHng’s solution is a mixtiii* of cop^r 
sulphate, (rustic soda, and potasrium sodimn tartrate (EodieEe s^t i 
of a certain strength. It is used for ^tim&Mnf glua»e 

(see Lesson XII). It may be used as a tmlitative tMt also. Boil 
some Fehling’s solution ; if it remains clear it is in gcxMi condition; 
add to it an equal volume of solution of glucose and l»il ^^n. 
Reduction, resulting in the formation of cuprorm lydmte or oxide, 
takes place as in Trommer’s t^t This t«t is more certain than 
Trommels, and is preferable to it. Uric acid wid cimrinine also 
reduce Fehling’s solution, and the sodium hydroxide 1ms a dmtmctive 
action on sugar. These two disadmntag^ are absent in 

(c) Benedict's Test. —In this test sodium carbonate repMctt KmOH, 
and sodium citrate is substituted for R^xdieEe salt (see fcwtoote, p. 210 . 
Add a few drops of glucose solution to 5 c.c. of Rennet’s It^^tarive 
reagent, and boil vigorously for a few minutm. The solution l»c€aa« 
filled with a red, yellow, or greenish fine predptate, tte colour de¬ 
pending on the concentration of the glucose solution. 

(d) NylmideTs Mix 5 c.c. of glucaie TOlurioa witt 1 of 

Nylander’s reagent (2^ gr. of bismuth subnitate and ^ p:. of 
BocheUe salt dissolved in 1 litre of 8 per-c«at swiium hydroxide). 
BoE for three minutes and allow to cool A blMk preciptate of 
metallic bismuth sepaates out, 

N.B.—Sugars such as glucose, fructose, maltose, and Mcfa»e, 
which give the preceding tests, are adl«i reducing suptm 
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(e) Moore's Test. —Add to tlie glucose solution about half its 
volume of 20 per-cent, potash and heat. The solution becomes 
yellowish-brown. Acidify with sulphuric acid (25 per-cent.) and 
the odour of caramel becomes apparent. 

(f) Fermentation Test .—Add a fragment of dried yeast to the 
glucose solution in a test-tube; fill the test-tube up with mercury, 
and invert it over mercury in a trough. Place it in an incubator at 
body temperature for twenty-four hours. The sugar is broken up 
into alcohol and carbon dioxide; the latter gas collects in the upper 
part of the test-tube. The alcohol may be detected,by Lieben’s 
reaction (1 (e), p. 10). 

(g) Moliscks Eeaction.—AdidL a few drops of an alcoholic solution 
of thymol or a-naphthol to a solution of sugar, and allow a few drops 
of concentrated sulphuric acid to run to the bottom of the test-tube. 
A red (with thymol) or purple (with a-naphthol) ring forms at the 
surface of contact. 

This test is given by all the sugars, and in fact by all carbohydrates 
with more or less intensity; it is also given by those proteins which 
contain a carbohydrate radical. 

2. SUCROSE or CANE SUQ-AR.—(a) The solution of cane sugar 
when mixed with copper sulphate and caustic potash gives a blue 
solution. But on boiling no reduction occurs. 

(b) Take some of the cane-sugar solution and boil it with a few 
drops of 25 per-cent, sulphuric acid. This converts it into eoLual parts 
of glucose and fructose. ITeutralise with potash or soda. It then 
gives Trommer’s or Fehling’s test in the typical way. 

(c) Boil some of the cane-sugar solution with an eoLual volume of 
concentrated hydrochloric acid. A deep red solution is formed. 
Clucose, lactose, and maltose do not give this test. 

(d) Cane sugar gives Molisch’s reaction. 

3. STARCH.—(a) Examine starch grains with the microscope. In 
size and other minor particulars the starch grains differ according to 
their source. Potato starch is readily obtained by mounting a scraping 
from the surface of a freshly cut potato; these are specially large; 
those from rice are smaller. Note the concentric markings on the 
starch grains. If a drop of iodine solution is run in under the cover- 
slip the grains are stained blue. 

(b) Starch is not soluble in cold water. Mix a little starch with 
cold water and pour boiling water into the paste. Continue to boil 
until an opalescent solution is formed; this, if strong, gelatinises on 
cooling. 

(c) Add iodine solution. An intense blue colour is produced, which 
disappears on heating, and if not heated too long reappears on cooling. 

N.B.—Prolonged heating drives off the iodine, and consequently no 
blue colour returns after cooling. 
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(d) CoHversioE into dextrin and glucose. To some starch solution 
in a flask add a few drops of 25 per-cent, salpliimc acid, and boil for 
fifteen minutes. Take some of the liquid, wMcli is now clear, neitalise 
with soda, and show the presence of dextrin and glucose. 

4. DESTEIH.—-ia) Add iodine solution to solution of deiiriii: a 
reddisli-hrowii colour is produced. The colour disappears oa heating 
and reappears on cooling. Itany commercial dextrins give at first a 
blue colour which changes through a purple-red to a red-brown on tie 
addition of more iodine. 

ib) Saturate a dextrin solution by grinding it in a mortar with 
finely powdered ammonium sulphate; filter. The erythro-dextrin is 
precipitated, but only incompieteJi/; therefore the filtrate gives a red- 
brown colour with a drop of iodine solution. 

(c) Commercial dextrin usually gives a s%M reduction with 
Fehiing’s solution owing to reducing sugar as an impurity. 

5. OLYCOGrEN.—Solution of glycogen is given roimii: a it is 
opalescent like that of starch. 

(b) With iodine solution it gives a brown colour very like that 
given by dextrin. The colour disappears on heating and reappears 
on cooling. 

By boiling with 25 per-cent sulphuric acid it is converted into 
glucose. Neutralise and test with FeMing's solution. 

(d) Saturate the solution with anunonium sulphate as in 4 b), and 
filter. The glycogen is comphtehj precipitated, and therefore the 

filtrate gives no coloration with iodine. TMs easily distinguishes it 

from dextrin. 





Tie c»rioiy4rat€S »irt’ ftiuiid I'hittly in vfgettiljk* ti>siies, and 
many of tiieiii fiiriii important footis. Sonii' c'arhohycirates are, hovv- 
tn^er, foiind in or fanned by the aniiiial organiMii. llie must important 
of these are y/jnyyt/i, or animal .starch ; giidiuse ; and hiiijse, or milk 
sugar. 

Tile rarbolivil rates may be conveniently defnietl as conipounds of 
carkiii, hydrogen, anti oxygen, the two last-named elements being in 
the proportion in which they tccur in water. But this definition is 
only a rough one, and if pushed too far would iiitiude many substances, 
such as acetic acid, lactic acid, and inositol, which are not carbo¬ 
hydrates. Researcli has shown that the chemical constitution of the 
simplest cartokydrates is that of an aldehyde, or a ketone, and that 
the more complex carbohydrates are condensation products of the 
simple ones. 

The meaning of the terms aldehyde and ketone ’’ has been 
exf>lained in the preceding lesson, but there we drew most of our 
examples from simple aldehydes and ketones derived by oxidation from 
nionbhydric 4111X311018. In the case of the sugars, we have to start from 
more complex alcohols, namely, those which are called hexahydric, on 
account of their containing six OH groups. The majority of the 
known sugars are aldehydes (a/dmes). Sugars which are ketones are 
called Me/&s£s^ but only one of these, namely, fructose, is of physiological 
interest. This coiistitutieii of the sugars explains why it is that they 
ire reducing agents. 

Three hexahydric alcohols, all with the same empirical formula, 
CgHg(OH)|, may be mentioned ; they are isomerides, and their names 
are sorbitol, mannitol, and dulcitoL By careful oxidation their alde¬ 
hydes and ketones can be obtained; these are the simple sugars ; thus, 
glucose is the aldehyde of sorbitol; mannose is the aldehyde of man¬ 
nitol ; fructose is the ketone of mannitol; and galactose is the aldehyde 
of dulcitol These sugars ail have the empirical formula CgHi^Og. 

CH2OH CHgOH CH^OH 

I I I 

H—C~OH H—C—OH H—C—OH 

I I -I 

H—C—OH H—C—OH OH—C—H 

I ! I 

OH—C—H OH—C—H OH—C—H 


H—C—OH C = 0 H—C—OH 

! 1 I 

C—HO CHjOH C—HO 

IglucowJ ffractose} Igalactose] 









THE CARB(i!l\ HM A 

They furnish an t^xceileiit example* ni uhat is r.ilkrd -terc*ji'hr!iKcaJ 
isomerism; that is, the posititui of the at«jin> i^r grijup> of alejiii- in 
space within the sugar iiiyiecuk varie>. I’he cun-litutieiial feniiuLe 

of three important simple sugars are .shown on p. B2. Tlie >i\ 
atoms in each case form an open chain, but the may in whii'h the 
hydrogen and hydroxyl atoms are linked tt> iliein differs. 

The aldehyde constitution of glucose and uf gaLietu>c i> at c»ni"e 
evident from these forniulcO, the typkul alclehytle group {CTi< l c>r more 
accurately 0 = C—H) being at the end of the chain. The ketone 
constitution of fructose is also shown by the typical ketone groiip 
(CO) not at the end of the chain. 

By further oxidation, the sugars yield various ackh. If we lake 
these sugars as typical specimens, we see that their general lV»niiyla k 

and as a general rule M=^m ; that is, the nuiiibtT of oxygen anti 
carbon atoms is equal This number in the case of the sugar*^ already 

mentioned is six. Hence they are called Aexfjses, 

Sugars are known to chemists, in ’which this iiuiiiber L 3, 4, 5, 7, 
etc., and these are called trioses, tetroses, peiitojjcs, heptoscs, etco 
The majority of these have no physiological interest. It should, how¬ 
ever, be mentioned that a p>entose has been obtained from certain 
nucleic acids presently to be described (see p. 64), which are contained 
in animal organs (pancreas, liver, etc.), and in plants (for instance, 
yeast). If the pentoses which are found in various plants arc given 
to an animal, they are excreted in great measure unchanged in the 
urine. 

The hexoses are of great physiological importance. The principal 
ones are glucose, fructose, and galactose. These are called wcsc?- 
sdcc^arides. 

Another important group of sugars is that of the dissifiarides; 
these are formed by the combination of two molecules of mono¬ 
saccharides with the loss of a molecule of water, tlius 

The principal members of the disaccharide group are sucrose, 

lactose, and maltose. 

If more than two molecules of the monosaccharide group undergo 
a corresponding condensation, we get what are called J^ofysdtY in rides. 

+ «H,0. 
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The wk-dixh.mile< are starch, gljro|^eii, various cirxtrins, ceilii- 
bst% etc. Wc 111:1} tlierefurc arrange t!ie iiiipurtaBt carlxHiydrates of 
t!it‘ hexose Liiniiy in a tabular form as tollriwxs ■ 


1. Miei‘K,irr,:h.irCtN, 


i:iyc€>se. 

Friiett>'^e. 

i'Hlsctcmr. 


± I>isiccliarif 3 rs, 

Ci.iWbi- 


■+ Sacro.se. 
-5 Lactose. 
4 Maltose. 


Fuiysaccharides, 


-r Starcli. 

Glycogen. 
4- Dextrin. 
Cellulose. 


The ^igns ^ and - in the alxive list indicate that the substances 
to which they are prefixed are dextro- and kevo-rotatory respectively 
as regards polarised lightThe forimila given alwve are merely 
empirical : the quantity m in the starch group is variable and usually 
large. The follow’ijig are the chief facts in relation to each of the 
principal cartohyilrates. 


M 1 )?h" 0 SACC H AWDES 

diiieM-e.—This carlMohydrate (whidi is also known as dextrose and 
grape sugar) is found in fruits, honey, and in minute quantities in the 
blcMMi (CM2 per cent.) and nomerous tissues, organs, and fluids of the 
l^y. It is the form of sugar found in larger quantities in the blood 
and urine in the disease knowm as diabetes. 

Glucose is soluble in hot and cold water and in alcohol It is 
crystalline, but not so sweet as cane sugar. When heated with strong 
potash certain complex acids are formed which have a yellow or brown 
colour. This constitutes Mmrek iesi for sugar. In alkaline solutions 
glu0^se reduces salts of silver, bismuth, mercuiy, and copper. The 
reduction of cupric hydrate to cuprous hydrate or oxide constitutes 
TrGmmer's iesi^ which has been already dfjscribed at the head of the 
lessc®. On boiling glucose with an alktline solution of picric acid, a 
dark red opaque solution doe to the reductim of the picric to picramic 
add is prcxiiiced. Another important prof^rly of gliia>se is that 

^ p'or a deiicri|5ik>is of iwilarise-ci liglit am! iwlarimeters set Appndix. This 
and the cither matter ifi the Ap^Bd.x are plactd ih«re £01 ccsaveaiciice, not 
t)ecaasc they are imii»p(iFti.El. Slacients are tteefwc irgcd to refer to and 
cstrefally siiid}’ ttie« subjtcis. 
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tm(i<T the influence of yeast it coiiwrE, J jf; 'b2 ..nc 
add (CgHj^Og-^CsH/) + 2Cl)2K 


Glucose may be estimates! by the fern a 



, nv tv 

r. g"' •Lm- 

meter (its specific rotation is [cj], , 

aiifi 

by tlic I 

>t nf 

Ftbbina ^ 

or similar solutions. The last method is th 

C 111 

xt iriitv 

if! an 

: if 

on the same principles as Trommer's test, 

and 

we .''lia 

ffi 

:/ :t nv.i 

other methods of estimating sugar in cuniiicti’ 

ri ivd'h 


lii; Oft re 

(see Lesson XI I). 





Pructose.—This sugar is also known as leviilM>e 

v-ii 

'ciarit ' 1 

its action on polarised light When sucrix<. 

its 

!h bd!afc 

mineral acids it undergoes a prcxress known 

i as 

inversic 

'21— 7b- 

' It take? 

up water and is converted into equal parts of 

giucosi 

e uni 


The previously dextro-rotatory solution of 

cane Sui 4 ar 

' tlicn 

bt’i ’ma-w 


laivo-rotatoryj the tevo-rotatory power of the fructose - -1*2’'/ * 
being greater than the dextro-rotatory power of the glic:;‘sc llriutc 
Hence the term mirrsiom. The same hydrolytic yrdu t 1 

by certiiin enzymes, such as tlie invertase of the intotiiia! jui'ie an.i 

of yeast. 

Pure fructose can be crystallised with difficulty. It gives the same* 
general reactions as glucose. Small quantities of this sugar have 
occasionally been found in Htxxi, urine, and muscle, 

GWactose is formed by the action of clilute mineral acids or invert¬ 
ing enzymes on lactose or milk sugar. It resembles glucose in btirg 
dextro-rotatory ([£iji,= -1-80®), in reducing cupric hydrate in Trvriineib 
test, and in being directly ferinentable with yeast. When exidi>ed bv 
means of nitric acid it, however, yields an acid called mucic ai'id 
(CgHjoOg), which is only sparingly soluble in water. Glucose when 
treated in this way yields an isomeric acid -—-/.a an acki with the same 
empirical formula, called saccharic acid, wliidi is readily soluble in 
water. 

Inositol or Inosite w^as discovered by Sclicrer in i8oi.) as a ciui- 
stituent of muscle, and for a long time was known as iimscle :^Egar. 
It occurs also in small quantities in other animal organs iliviT. Licinevv 
etc.)„ and in plants it is a fairly constant constituent of rtx)ts and leaves, 
especially growing leaves. The inosite of muscle is optically inactmv 
but optically active forms are known. 

It has the same molecular formula as the simple sugars 
but it is only faintly sweet and gives none of the chemical reactions ol 
these substances. Maquenne asceitained that it has the followrng 
constitutional formula:— 


^ Tils %iire vaiies greatly with tem^raturc. 
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L%i 


noil 

C 


HUH.C C—lion 

I *i 

c 

non 

A mere gLiiiiv at thi> formula will bhcm that it ib very different from 
of the Migars given on p. 22. The six carbon atoms, instead of 
fonming an open c'luiii, are linked into a ring, as in the benzene deriva¬ 
tives. It is iii fart a reduced Iiexa-hydroxy-benzene. It probably 
represents a transition stage between the carbohydrates and the 
benzene ronipoimds. By a dosing-np of the 0 |>en chain of the carbo- 
liyilntte molecule its formation from the latter is theoretically possible. 
Chi the other hami, the opening of the inositol ring would give rise to 
an c)|>eii chain, ami it has in fact been found that lactic and other 
aliphatic acids are formed from inositol by the action of certain bacteria. 


HISACCmRlDES 

Sacrose,—This sugar (commonly known as cane sugar) is generally 
distributed throughout the vegetable kingdom in the juices of plants 
and fruits, especially the sugar cane, beetroot^ mallow^ and sugar maple. 
It is a substance of great importance as a food. After abundant 
ingestion of sucrose traces may appear in the urine, but the greater 
part liiidergcMJS inversion in the alimentary canal 

Pure sucrose is crystalline and dextro-rotatory +67°). It 

holds cupric hydrate in solution in an alkaline liquid—-that is, with 
Trommer's test it gives a Mue solution. But no reduction occurs on 
boiling. After inversion it is strongly reducing. 

Inversion may he brought about readily by boiling with dilute 
miiieral acids, or by means of an inverting enzyme, such as that 
ocfurring in the succus cntericus or intestinal juice. It then takes up 
and is split into equal parts of glucose and fructose :— 

4 HgO » C.HigO, + 

Ifractcs*} 

With yeast, sucro.se is first inverted by means of a special enzyme 
(inptriase) priodiiced by the yeast cells, and then there is an alcoholic 
fermentation of the monosaccharides so formed, which is accomplished 
by another enzyme called jymasi. 



THE C:VRBr)H¥DRAT£S 


Lactoge, or milk sa^ax, occurs in miik h > .iiif. 
in tile urine of women in the euily da}> nf laiLit: i: r -c 

weaning-. 

It crystalliises in rhombic priisiiis i>ee %. 1). It r.:u - 
soluble in water than cane sugar or ciextrr»t\ and .^nlv a d:tbt \ 
sweet taste„ It is insoliible in alcohol and ether ; 
are dextro-rotatory H“52-5"). 

Solutions of lactose give Troiiiiiiefs ^e^t, hot when the ina 
power is tested quantitatively by FeMiiig's s’llution it is ft nnj !»'• he a 
less powerful reducing agent than glucose. If it rtH|inret! Macii 
of a solution of glucose to reduce a given quantity cf Fehiicgh e- lutir.n. 
it would re€|uire ten parts of a solution of lactose of the sunn: >trcngth 
to reduce the same quantity of Fehling’s solution. 

Lactose, like cane sugar, can be hydro- —j 

lysed by the same agencies as those already / / 

enumerated in connection with cane sugar. 

The iiionosaccliarides formed are glucose and ) I V 

galactose jsM ^ ^ / 
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With yeast it is first inverted, and then £/' 

alcohol is formed. This, however, occurs ¥ia.i,—hM£tmtcijst^h. 

slowly. 

The lactic-acid ferinentation which cx-curs when iiiiik turns sour is 
brought about by enzymes secreted by micro-organisms vviiieli are some¬ 
what similar to yeast cells. This may also txcur as the result of the aclicm 
of putrefactive bacteria in the alimentary canal. The two stages of the 
lactic acid fermentation are represented hy the following equations : — 


Ci,H^Oji + H20 = 4QH/)3 

ilactONf] I iattic acidj 

4C3H6O, = 2C4H8O2 + 4 CO, ^ IHa 

;ticacid] Ibatyric acitJj 


Maltose is the chief end product of the action of mult diastase on 
starch, and is also formed as an intermediate prcnliiit in the actiun of 
dilute sulphuric acid on the same substance. It is also the chief siigiir 
formed from starch by the diastatic enzymes contained in the saliva 
(ptyalin) and pancreatic juice (amylase). It can he ohtaineci in the form 
of acicular crystals; it is strongly dextro-rotutoiy It 

gives Trommer^s test; but its reducing power, as ineasureci by FeMiiig’s 
solution, is one-third less than that of glucose. 

By prolonged boiling with water, or, more readily, by boiling with 
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;i ri:nc!4l .inil - >r by iiuafi- an iii\erting en/yme, such as 

in the inli-tiiLil jaict:, it is ctaivertcb into gliieoMO 

r HsO-Cp^lijOg f C 8 H 12 O 6 

.y., 5glui:0‘-el 

Ihi* ibftT iiii^HiTtant physiological sugars (glucosta lactose, and 
!iaiv Kt* troiii one another by their relative 

rCiiiii’iiig action uii Fchlingb >oiutic>ii (Ihi :0*il : 0*63), by their rota¬ 
tor v |}ca¥rr, of bv the hyxiraxini* test described in Lesson XIIL 


PC 3 !.YSACCHAEIDES 


Starck is ^eitlely diffused throiigii the vegetable kingdom. It occurs 
in nature in the form of miriosc'opic grains, varying in size and appear- 

aiice, according to their source. Each 
consists of a central spot (hlum) round 
which more or fess concentric envelopes 
if starch proper or granulose alternate 
with layers of cellulose. Cellulose has 
Ip't very little digestive value, but starch is 
■ a most important food. 

^ Starch is insoluble in cold water: it 
forms an opalescent solution in boiling 
w^ater, which if concentrated gelatinises on 
I ccmling. Its most characteristic reaction 
f«.i-s.M«ort«A«,»s«,rch is ‘i« blue colour it gives with iodine 

aifiJ/' 'eun >w Qr.Jmr* rmfepCdei in the Sollition. 

of li* itlls: akarcirw " ^ i t, 

3 a n**, ' * . tarx inter- Da heatisg staich With dilute mineral 

ctlluter #fi«ces. |1’eo, *ftfr Satfis.) ... » r i n 

acids glucx^se is formed. By the action 
of cikstatic eniymes, maltose is the chief end prcxiuct. In both cases 
dextrin is an intermediate stage in the process. 

Before the formation d dextrin the starch solution loses its opal¬ 


escence, a siibstatice called sulfdle sfan^ being formed. This, like 
native starch, gives a blue colour -with iodine solution. Although 
the iiolecular weight of starch is unknowm, the fonnula for soluble 
starch is probably (CfHigOjkea, The niolerules of the dextrins are 
sitialler. Bh|nations which represent the formation of sugars and 
dextriBS from starch are very’' coraplex, and are at present hypothetical. 

DexMa is tlic name gi\tm to the intermediate products in the 
iiydrolysis of starrli, and two chief varieties are dlstiiigiiislied-"-if;;7/i^£?- 
dixfrm^ which gives a reddish-biawn colour with icKiine solution ; and 
aiirm*-d£xirm, which does not. 
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It is readilv soluble in water, but insoluble in alcuhcu and ether. 
It is an amorphous yellowish powder. It does not ferineBt mith ycasl. 
It is dextro-rotatory. By hydrolysis it is coiivertec.i into glucose, 

CHycogen, or animal starch, is found in liver, colourless 

blood corpuscles, and other tissues. 

Glycogen is a white tasteless powfoer, soluble in water, h*ii! it foriro, 
like starch, an opalescent solution. It is insfduble in ali'ohril unci ether 
It is dextro-rotatory. With Tronimer’s test it gives a blue scdiition, 
but no reduction occurs on boiling. 

With icdinc solution it gives a reddish or port-veinc adadf, inrr 
similar to that given by erytliro-dcxtrin. Dextrin 211 ly be 
guished from glycogen by (1) the fact that it gives a rltvir, not ir. 
opalescent, solution with water ; and (2) it is not priTipitattd lev 
lead acetate as glycogen is. It is, howev’er^ preripitated by hu'^ir lead 
acetate and ammonia. (3) Glycogen is precipituted by bo yaa ctnt 
of alcohol ; the dextrins require 85 per cent, or mare. i 4 ) (ilvcogeii 
completely precipitated from solution by saturation with arnim niuin 
sulphate ; erythro-dextrin is only partially pre^dpitable hy thi^ uoaii>. 

CcHiilose.—This is the colourless material of which tin* cell-walb 
and woexiy fibres of plants are composed. By tieatirant with ‘Strong 
mineral acids, it is, like starch, converted into glucuMO hut with raacli 
greater difficulty. The various digestive enzymes have little re ro> 
action on cellulose; hence the necessity of bf>iling stuirh it i- 

taken as f(x>d. Boiling hursts the cellulose enwlupe^ of trie 
grains, and so allows the digestive juices to get at the starch pricer. 
Cellulose is found in a few animals, as in the test or outer inve^tiumt 
of the Tunicates. 

Sailing nut of iki Coilmd Carbokydraies, —By saturating solut: ms 
of the colloid carbohydrates (starch, soluble starch, glytsigen, and 
erythro-dextrin partially) with such neutral salts as inagmesiinn 
sulphate or ammonium sulphate the carbohydrate is thrown out of 
solution in the form of a white precipitate. The remaining carki- 
hydrates (sugars and some of the smaller imileculed dextrins s-uch as 
achrob-dextrin) are not precipitated by this ine^ms. We ^hall find in 
CBiinecticin with the proteins that this methexi, known as salting outf' 
is one largely employed there for precipitating and distinguishing 
between classes of proteins. The student is therefore wumed that a 
precipitate obtained under such conditions will not necessarily 
indicate the presence of protein. 

GIme 0 Sidis,—Glucme is an-aldehyde, and therefore has the power 
of combining with other compounds siicli as alcohols^ organic aritis, 
and phenols ; a hydrogen atom of the coin|X)iind unites with the oxy gen 
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» , V| ,. u ‘‘ M ,\’ i!, irji tli‘* K^t (i'the molecule with 

t<. ^ ' -r ^^*>’4 till ji lijij n 4. jf/.i uimd M) formed then 

. , t j kn.>mn 4i> a glncjiviut Lsltit. This may be 

T 4 . ^ t • r ‘‘iiic which ran he made synthetically 

^ : T Fcf' if anhydrous hydrochloric acid) 


i . I f ! 




rrarlhai hh^nvn in the following 


I . C • Of 
I »C»t)I 
i»c -« n- 

I .c^ Yili 
'i . 6 - 01 , 
Off I. 

Wik awn 

•ip l£'4-ij 


1! 

II .C.OIf 
I! -C- OH 
. If .6— 
if .6* nn 
H -C-i « ‘ 
li .c— 
OCIi: 

1 methyl s 4 k:ci..'sit 


Cha* I) '! - !f,al wliiTcas ^luciwe rontains four asyninietric carbon 
a!‘ 0 ’ ^ ^ / ’ I or u ati ail^ liiiito! to frmr ilifferent atoms or atomic groups), 
;n Hwi* me adilitiun rompound and the glucoside each 
*4 rj.an I'm* it > to oltaiii two methyl glucosides^ a and 

r*4^ vt jh flic of the carbon atom placed lowest 

j; t! ^ jnTruli, tit* I tier with the luW’fHifiifigiiration. In one of these 
l,i> !. 4 *^1 gc Pi all (iCHs, :u shown in the al>ove formula ; in 

the f i!/K 

.\ jr,> I * .4 wT {idfit < ,ue found in nature; thus ainygdalin in bitter 
jhr *14T 1 - *1 .MCpwLinii of gIui'o»r with iminddic nitrile (*= b-enzalde- 
:n dt‘ * ^ndr «\ 41 r 4 jcol); ^ulicin is a conipouncl of glucose and salicylic 
alt( !i )! , tlii' ct plants is a eoin|)oiiiid of glucose and indoxyl, 

Min lf!i re cum}' t 

J/m/ik jfid The optical activity of glucose 

'A hi.« lie «4bly di--Ho!i,t‘4i about twice as great as when the solution has 
swTT'r tinii*. If the glucose Is crystallised out from this solution^ 
4in/| again . iis^i -Ivcfl, the fresh st dution has again a high rotatory power, 
uiid lies ^'iice more rn standing. It is evident that a change 
IB lull'll it at ion when it k left m solutbn, and this change is 
Fi on 4 rv^tuilivation 

If 0 . tlifFuiiIf to dccoant fur many of the properties of the hexoses 
;i!id isF tink if the fomuke of glncme, fructose, and 

gakutost* eiun on p, 1^2 are urcepted. An expianation is more readily 
f kpiUH] j| c<nc that tw«.) isoiBeiic forms of each of the hexoses 

t in *i(|orirti% ^olaliun ; these two modifications corTes|x>nd, for 
i’lample «ith to the tiro giucosicles (a and /i) mentioned and 

’ T IS f'rmuM fwr i% a pickil cmr ami net shew the typcal 

Uerr. s heffikal .irfafigrtflciii 0 lie fi«ttak oa |i» 2!ii. 
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whose structural formula^ are given in Oj aiR'i rj. Ivrva Rrp!aiV‘« 
ment of the methyl groups by liydrogein Ly Ipeir vy->, vwh 
the corresponding glucoses which acrurdinyly are ai’a'ii i:i the forriul r 
(S) and (4). These are termed re.-perti\^ iy i- and It wid 

be seen that the aldehyde^ group is potentially fun,!:, -na!. This gronj? 
is marked *. 

CHj—O—C—H H—r—O—CHs HO-C—H H-< 5 —OH 

H—C-OH Il-r-oi!' " , H-r-DH U -r-OH' . 

I O I O O i o 

HO—C—H HO-C-H •HO-C—H HO-i'-H 

I ' ! ' ; : 

H—c n—(' ii-c ii-r-- 

I i . 

H—C—OH H—C—OH H—C-OH H-C-OH 

I i I I 

CII^OH CHaOH CH^OH CHpH 

1. i»-aiethyl glucoside. f. ^-methyl gkcr«ltl«. I, ►glacoMs. 4, 

The a form of glucx>se has [a],, 4110^, the p' form + llh. Each may 
exist separately as crystalline modifications, but on S'^lution in watfr a 
tautomeric change occurs with the partial conversion of one to the other 
until a mixture is obtained whose permanent is 452-50 Tauto- 
merism of this nature is by no means uncommon in organic cherristir. 

Our knowledge of glucosides has thrown light on the ennstitution 
of the disaccharides ; thus in maltose there is one glucose mDleculs^ 
forming a glucoside with another glucose niolecnle which may be 
considered to retain its potentially functional aldehyde group^ 51 altose 
is glucose «-gIucoside. Lactose is formed from glucose and galactiTse 
and is glucose /il-galactoside. Sucrose, however, apparently is net a 
simple glucoside or fmetoside although hydrolysis yields these two 
reducing hexoses. Recently it has been showm that the following 
formula probablv represents its structure 

CH2(OH).CH(OH).CH.(CH.OH)sCH glucose xe«4ue 

1 

o 

I 

CH2(0H).CH(0H).CH(0H).CH.C.CH2(0H) fra«..»cie.i,dBe 

\ / 

o 

It will be seen that the fructose residue of the sucrose molecule is 
represented as having a three-mcnibered oxygen containing ring. 
Derivatives of these ethylene oxide mcdificatioiis are known in the 
case of the three hexoses mentioned and are characterised by their 
extraordinary chemical reactivity. They may play a part in meta¬ 
bolism which is far from unimportant. 

Fuftiier inforaation regarding the cartohyd rates is given in Lvsa>n XIII. 
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THE FATS AMB OFOIM 

larf aai ©!▼« ell »» pt©b romi m exMples of &1». 

i. Tiff mm lai&lmM® Im 

2 is «tktr. Oa poariag som@ of tho ©fhereal 

»laliia « to * fiict of blottiag pa^r, a grmsf staiii is left after 
tk§ etor hm 

a FAT SFMWIWG 1¥ MPASm a few c.c. of fresh milk in 
orier to deitrof mw l^tic mM wMA. may be pre^t; cool 

•ante ti» tap, ml aii a few drop* glywrol tttmcfe erf 

a few drop of ^imolfA'&aleiii w^litioa and dHnt© 
aatil m Mat pink coloir pnii’te. Bimiia tttts into two portions 
Mielrf A mM B. Boil A to iiitiof ti® enzyme, md keep both tnl^ 
at a of ateit 3S" 0. l^c fink colour in B wiE gradually 

^©wi^ that fatty fe*¥i mt ft»® from ^ fat by 
At action of ti© fit»gf ItMag eaiym©, lii»»; A tmdei^ow no dumge. 

A SATOMOTOATION BY AliALI.—By hmIMg with potash, M 
yields » soltitioa of s»p. On adiiiif some smlphnric acid to tMs the 
&ttf acii c^llecti in a layer on the siiface of tie fluid. TMs experi- 
aeat a*y convaaieatiy te p^ormei in the following way:—Melt some 
lird in m empomtmf Msin and ponr it into a solution of iwtash in 
in » nttaU flwk «id imtod careMIy on d water-hath 
n«Mly to kjilmf pjist Cfcatinne to Mil and saponification is soon 
complete Hke comi^ttioii of toe proc^ is recognised by dropping 
s«ae of toe solution into »test-tube contomiiigabout 10 €.c. of water; 
to* solstion of lotp wEi M cl^, and no oil ^obulM skonld separate 
oat If toere is any separation of oil ^oIhiIm continue toe boiling. 

drop to© simp solution into soma 25 per c^t. snlphniic acid 
ccmtMBMi in a midl bmker; tlie fatty acids soon separate out and 
flimt OB toe saiA<». CM cooling under toe tap toey soMdiftr. 

5. EBACfflOM OF FATTY ACIDS,—Wash the fatty acid obtained 

^ Tkm Is ea-sily premred bj mixing finely minced pig’s pancrass with two 
T&!an« of glycerol wmi straining the mixture through mEslin. 

* » gr^^» ^ p&taab mm dii»!¥©d in a) o.c. ^ water, Mid 300 ac. of 90 
art add^ 
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in experiment 4 repeatedly witk water, mti tie wmk wat«r is no 
longer acid, and di¥ide it into tlffce portions. DIssoIti one p^^Moa 
in etlier; tMs solution reacts acid to plcnoIpMhalsia; to skew tMs. 
place a few drops of plenolpltli^em in 5 c.c. of ^cokol coitoiai^ % 
drop of 20 per«ceiii petaA If tkis red solntion is dropi^ into tke 
solution of fatty acid, tke coloior is diKliaxged. Piaci tie s«oiii 
portion of fatty acid in some Iialf-saturated solution of lodirnm cmrteaatt 
and warm; a solnlioii of sodium soap is oltained and carloa dioxidt 
comes off. Note witk tie tMid portion tkat it prodmc« a sUM 

on paper. 

6. EEAOriONS OF SOAPS.—A solution of smp maj 1» p»^3»i 
by keating some stearic acid witl a few c.c, of water and adiinf 
caustic potasl drop by drop until a clear solition results, m Add to 
tMs solution some snlplmric or iydrocMoric acid; tie »cii 

separates out as described under 4. 

(b) Add to tie solntioa powdered sodium ciloiide Md sMk®; tie 
soap is salted out and is rendered insoluble- TMs property of loap is 
used in soap mannfactTire- 

(c) Add to tie solution some calcium cMoride, A predpitete of 
insolnble calcium soap is formed, and tke solution los« its p’o^ity 

of frotking on slaking. 

7- OSMIC ACID TEST.—Fat, if it contaias oleia or oleic iciA » 

blackened by osmic acid Try tils with l»tdi the lari and tka olwe oil 

S, TEST FOB Q-LTCEEOL.—He most importeit action fm 
glycerol, tke other constituent of a fat, is tie acsroleln tMt, wMci is 
porformed in tke following way Place some Iwi in a dry t«t4ml», 
add some crystals of acid pota^iiim sulphate and h«k Acrolcm is 
given off, wMch is recognised by its characteristic impl«mit (Mmr^ 
and by tie fhct that it blackens a piece of fil-tex pa^r p^vioMiy 
moistened with ammoniacal diver nitrate solntioa. [S« p 11, 2 (b)]* 

9. IMITIiSIFIOATIO^.—(a) Take two t^t-te!^ Mid iat»l them A 
and B. Place water in A and soap solnticm in B. To «cl add a few 
drops of olive oil and st^e In B an emuMon m foxmrf, but not in A. 

(1) SMfce a few droi^ of rancid oil (or olive ol eoataiiiiiif a smaS 
amoimt of oleic acid), witk a dilute solulioii of potoA; » eamMon 
is formed becjause tbe iwtask and frm fatty i«ad unito to fcara a 
soai^ Divide His into two and to one of them add a httto 

gum solution or egg albumin; the emuMon is mndr mom 
in this spedmen. These experiments iHustote the f avourmbl© mM€m 
of soap and of a su§])endmg fmiium suck m mncEa^ upin 
formation of an emulsion. 
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Fat is found in small quantities in many animal tissues. It is, 
however, found in large quantities in three situations, viz. bone marrow, 
adipose tissue, and milk. The consideration of the fat in milk is post¬ 
poned to Lesson VI. 

The contents of the fat cells of adipose tissue are fluid during life, 
the normal temperature of the body (37° C., or 99° F.) being con¬ 
siderably above the melting-point (25° C.) of the mixture of the fats 
found there. These fats are three in number, and are called palmitin, 
stearin, and olein. They differ from one another in chemical com¬ 
position and in certain physical characters, such as melting-point and 
solubilities. Olein solidifies at - 5° C., palmitin at 45° C., and stearin 
at 53-65° C. Thus, it is olein which holds the other two dissolved at 
the body temperature. Fats are all soluble in hot alcohol, ether, and 
chloroform, but insoluble in water. 

Chemical Constitution of the Fats.—The fats are compounds 
of fatty acids with glycerol, and may be termed glycerides or glyceric 
esters. 

The fatty acids, as we have already seen (p. 15), form a series of 
acids derived from the monohydric primary alcohols by oxidation. 
Formic acid is the first in the series, acetic acid comes next, and so on. 
The sixteenth term of the series is called Palmitic acid, and has the 
formula Ci 5 H 33 ^.COOH. The eighteenth is called Stearic acid, and 
has the formula C 17 H 35 .COOH. 

Oleic acid is not a member of this series of fatty acids, but belongs 
to a somewhat similar series of acids known as the acrylic series, of 
which the general formula is It is the eighteenth 

of the series, and its formula is C 17 H 33 .COOH. 

The first member of the group of alcohols from which this acrylic* 
series of acids is obtained is called allyl alcohol (CHg : CH.CHgOH) ; 
the aldehyde of this is acrolein (CH 2 : CH.CHO), and the formula 
for the acid (acrylic acid) is CHg: CH.COOH. It will be noticed 
that two of the carbon atoms are united by two valencies, and these 
substances are therefore unsaturated ; they are unstable and are prone 
to undergo, by uniting with another element, a conversion into com¬ 
pounds in which the carbon atoms are united by one bond only. This 
accounts for their reducing action, and it is owing to this construction 
that the colour reactions with osmic acid and Sudan III. (red coloration) 
are due. Fat which contains any member of the acrylic series such as 
oleic acid blackens osmic acid, by reducing it to a lower (black) oxide. 
The fats palmitin and stearin do not give this reaction. 

The formulae for the fatty acids may also be written in a slightly 
different way, as shotvn on the next page :— 





THE FATS AND LIPOIDS 


35 


Acetic acid . 
Palmitic acid 
Stearic acid. 
Oleic acid . 


(CH3C0)0H 

(Ci5H3iCO)OH 

(Ci,H35CO)OH 

(C3-H33C0)0H 


Each consists of a complex group placed in the above formulae within 
brackets, united to hydroxyl. The group within brackets is called 
the fatty acid radical, and the fatty acid radicals of the four just 
mentioned acids have received the following names :— 

Acetyl CH3CO is the radical of acetic acid 

Palmityl C15H31CO ,, ,, palmitic acid 

Stearyl C17H35CO ,, „ stearic acid 

Oleyl C17H33CO ,, ,, oleic acid 


Glycerol (popularly known as glycerin) is a trihydric alcohol, 
C3H5(0H)3— i.e. three atoms of hydroxyl united to a radical glyceryl 
(C3H5). The hydrogen in the hydroxyl atoms is replaceable by other 
organic radicals. As an example take the radical of acetic acid called 
acetyl (CH3.CO). The following formulae represent the derivatives 
that can be obtained by replacing one, two, or all three hydroxyl 
hydrogen atoms in this way :— 


roH I roH 

C3H5I0H C3H3J0H 

lOH i lO.CH3.CO 

[glycerol] [monoacetin] 


roH 

CgHj- O.CHs.CO 
10.CH3.C0 

[diacetin] 


ro.CH3.CO 

C3H3O.CH3.CO 

lo.CH3.CO 

ftriacetin] 


Triacetin is a type of a neutral fat; stearin, palmitin, and olein 
ought more properly to be called tristearin, tripalmitin, and triolein 
respectively. Each consists of glycerol in which the three atoms of 
hydrogen in the hydroxyls are replaced by radicals of the fatty acid. 
This is represented in the following formulae :— 

Palmitin C3H5(OCi5H3i.CO)3 
Stearin CgHgCOCi 71135.00)3 
Olein C3H5 (OCi7H33.CO)3 

If we substitute the letter R for the fatty acid radical, the general 
formula for a neutral fat may be written :— 

CHg.OR 


CH.OR 

I 

CHg.OR 

Decomposition Products of the Fats. —^The fats split up into 
the substances out of which they are built up. 
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Under the influence of superheated steam, mineral acids, and other 
catalysts employed in commercial processes, a fat combines with 
water and splits into glycerol and the fatty acid. In the body fat¬ 
splitting is accomplished by an organic catalyst or enzyme known as 
lipase. The following equation represents what occurs in a fat, taking 
tripalmitin as an example :— 

C 3 H 5 (O.Ci 5 H 3 iCO )3 + 3H3O = C3H5(0H)3 + 3C15H31COOH 

fpalmitin-a fat] [glycerol] [palmitic acid—a fatty acid] 

In the process of saponification, much the same sort of reaction 
occurs, the final products being glycerol and a compound of the base 
with the fatty acid, which is called a soap. Suppose, for instance, that 
potassium hydrate is used ; we get— 

C 3 H 5 (O.Ci 5 H 3 iCO )3 + 3 KOH = C 3 H 3 (OH )3 + 3C13H31COOK 

[palmitin—a fat] [glycerol] [potassium palmitate—a soap] 

Emulsification.—Another change that fats undergo in the body is 
very different from saponification. It is a physical rather than a 
chemical change ; the fat is broken up into very, small globules, such 
as are seen in natural emulsion —milk. The conditions under which 
emulsions are formed are described in the practical exercises at the head 
of this lesson. 

The estimation of fats may be carried out by extracting the fat 
with some solvent such as ether, distilling off the ether and weighing 
the residue. In many cases, however, it is preferable to estimate 
the fatty acid constituents of the fat. For this the following figures 
can be obtained :—(a) The acid value, ix, the number of mg. potassium 
hydroxide required to neutralise free acid in 1 gm. of the fat; iff) 
the saponification value—the number of mg. of potassium hydroxide 
required to saponify completely 1 gm. of the fat ; {c) the iodine value 
—^the amount of iodine required to saturate the acids in 100 gm. of the 
fat; {(T) the amount of potassium required to neutralise the volatile 
fatty acid in 5 gm. of fat. Several other determinations are in use, 
and the majority of the analyses have to be carried out under special 
and constant conditions. 

THE LIPOIDS 

The name lipoid was originally applied by Overton to a hetero¬ 
geneous group of substances found in the protoplasm of all cells, 
especially in their outer layer or cell-membrane, which, like the fats, 
are soluble in such reagents as ether and alcohol. These substances, 
though present in smaller amount than proteins, appear to be essential 
constituents of protoplasm, and the labile character of their molecules 
is a property many of them share with the proteins. The lipoids are 
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found mixed with fat in the ether-alcohol extract of tissues and organs, 
and they are specially abundant in nervous tissues, where we shall 
again have to refer to them (Lesson XXI). 

They may be classified in the following way :— 

( 1 ) Those which, like the fats, are free from both nitrogen and 
phosphorus. The most important member of this group is cholesterol. 

( 2 ) Those which are free from phosphorus but contain nitrogen. 
These yield the reducing sugar called galactose when broken up, and 
were termed cerebro-galactosides by Thudichum. They may be 
simply called galactosides. 

( 3 ) Those which contain both phosphorus and nitrogen. These are 
called the phosphatides, and are grouped according to the proportion 
of nitrogen and phosphorus in their molecules, as follows :— 

(a) Mono-amino-mono-phosphatides, N : P = 1 : 1 . e.g, leci¬ 
thin and kephalin. 

(d) Diamino-mono-phosphatides, N : P = 2 : 1 . e.g. sphingo¬ 

myelin. 

(e) Mono-amino-diphosphatides, N : P = 1 : 2. One of these 

is found in egg-yolk, but “ cuorin ’’ separated from 
heart-muscle has been shown to be a mixture and 
does not belong to this group. 

(d) Diamino-diphosphatides, N : P = 2 ; 2 . One of these was 

separated from brain by Thudichum, but has not since 
been examined. 

(e) Triamino-mono-phosphatides, N : P = 3 : 1 . One of these 

is present in egg-yolk. 

This classification is obviously capable of extension as new phos¬ 
phatides are discovered. 

We may now take some of the most important of these substances 
and describe them with greater detail. 

Cholesterol or cholesterin is found in small quantities in all 
forms of protoplasm. It is a specially abundant constituent of nervous 
tissues, particularly in the white substance of Schwann. It is found 
in small quantities in the bile, but it may occur there in excess and form 
the concretions known as gall stones. It can be readily extracted from 
the brain by the use of cold acetone. In the brain it occurs in the free 
state. 

It is a monohydric unsaturated alcohol with the empirical formula 
C27H45.OH. Recent research has shown it to belong to the terpene 
series which had hitherto only been found as excretory products of 
plant life. 

Windaus finds that it contains five reduced benzene rings linked 
together and a double linkage at the end of an open chain. 

Cholesterol is now believed to be not merely a waste product of 
metabolism, but to exert an important protective influence on the body 
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cells against the entrance of certain poisons called toxins. One of 
the poisons contained in cobra venom dissolves red blood corpuscles ; 
the presence of cholesterol in the envelope of the blood corpuscles to 
some extent hinders this action, and it has been stated that the adminis¬ 
tration of cholesterol increases the resistance of the animal. It is 
certainly the case that with artificial blood corpuscles, membranous 
bags containing haemoglobin, the impregnation of the membrane with 
cholesterol prevents the solvent action of toxins. 

In order that cholesterol and its derivatives may act in this way, it 
is necessary that the double linkage and the hydroxyl group should be 
intact. The latter would not be the case in an ester. 

From alcohol or ether containing water it crystallises in the form of 
rhombic tables, which contain one molecule of water of crystallisation : 
these are easily recognised under the microscope (fig. 3 ). It gives a 
number of colour tests which we shall study under Bile (Lesson VIII). 

A substance called iso-cholesterol is found in the fatty secretion of 
the skin (sebum) ; it is largely contained in the preparation called 
lanoline^ made from sheep’s wool fat. It differs from cholesterol in 
being dextro-rotatory instead of laevo-rotatory in solution, and in some 
of its colour reactions. 

Cholesterols isomeric with animal cholesterol are also found in many 
plants ; these are termed ph5rto-cholesterols, or phytosterols for short. 

Cholesterol compounds exhibit the physical phenomenon studied 
by Lehmann, namely, the formation of liquid crystals ; this is also 
shown by several other lipoids. Virchow in 1855 described what he 
termed “ myelin forms ; if brain-substance is mixed with water, 
where the water touches the brain material, threads are observable 
shooting out and twisting into fantastic shapes; these are termed 

“ myelin forms,” although the word “ mye¬ 
lin ” has no definite chemical meaning. It 
has now been shown that these “ myelin 
forms ” are distorted liquid crystals due 
to the presence of cholesterol and other 
lipoids. The fat globules seen in the 
adrenal cortex, during cell proliferation in 
cancer, and in the liver and other organs 
during fatty degeneration, are not wholly 
composed of fat, for the polarisation micro¬ 
scope shows them to be anisotropic or 
doubly refracting, and further investiga- 
Fig. s.—C holesterol crystals. tion has shown them to be lipoids in the 

fluid crystalline condition. Pure choles¬ 
terol and pure cholesterol esters do not exhibit the phenomenon ; but 
mixtures of cholesterol and fatty acids do. 

The Cerebro-Galactosides.— The substance known as protagon 
can be separated out from the brain by means of warm alcohol. On 
cooling the extract, protagon is deposited as a white precipitate. 
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This, however, also contains cholesterol, which can be dissolved out 
by ether. Another method of preparing protagon is to take brain 
and extract the cholesterol first with cold acetone; then hot acetone 
is employed to extract the protagon. Protagon is a substance origin¬ 
ally described by Couerbe, under the name cerebrote, but named 
protagon by Liebreich, who regarded it as a definite compound, and 
the mother substance of all the other phosphorised and non-phos- 
phorised constituents of the brain. It has now been definitely proved 
in confirmation of what Thudichum stated in 1874 , that protagon 
is not a definite chemical unit, but a mixture of phosphorised and non- 
phosphorised substances in such proportions that it usually contains 
about 1 per cent, of phosphorus. By treatment with appropriate 
solvents and recrystallisation, protagon can be separated into its 
constituents ; those which are free from phosphorus and sulphur and 
comprise about 70 per cent, of the original protagon are the galacto- 
sides. Although these have received many names, the known galacto- 
sides are only two in number, namely, phrenosin and kerasin. The 
former is a crystalline product and is dextro-rotatory, the latter is of 
somewhat waxy consistency and is Igevo-rotatory. Phrenosin (also 
called cerebrin or cerebron) yields on decomposition three substances :— 

( 1 ) A reducing sugar, galactose. 

( 2 ) A base termed sphingosine (C17H35NO2), which represents an 
unsaturated mono-amino-dihydroxy alcohol. 

( 3 ) A fatty acid called phrenosinic (or neuro-stearic acid), which 
has the constitution of a-hydroxypentacosanic acid (C25H5QO3). 

Kerasin also yields galactose and sphingosine, but the fatty acid is 
different; it is lignoceric acid, C24H4g02. 

The Phosphatides. —The best known of these is lecithin. This 
is a very labile substance, but it yields on decomposition four materials, 
namely, glycerol and phosphoric acid united together as glycero- 
phosphoric acid, two fatty acid radicals, of which one is usually oleyl, 
and an ammonium-like base termed choline (C5H15NO2). The fatty 
acid radicals are united to glycerol as in an ordinary fat, the place of 
the third fatty acid radical being taken by the radical of phosphoric 
acid, which in its turn is united in an ester-like manner to the choline. 
The formula of choline is 


CHgX /CH2—CH2OH 
CH3^N( 

ch/ \oh 


Kephalin resembles lecithin in being a mono-amino-mono-phos¬ 
phatide. It differs from lecithin in being insoluble in alcohol. On 
decomposition it yields glycero-phosphoric acid, certain fatty acids 
which are less saturated than oleic acid, and probably belong to the 
linoleic series. Instead of choline it yields amino-ethyl alcohol 
(hydroxylethylamine). Kephalin is the most abundant phosphatide 
in nerve-fibres, and has also been found in egg-yolk. 
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Splii/igmiveli/i is the phosphatide obtained from the mixture called 
protagon. It is the best known of the diamino-mono-phosphatides. 
If protagon is dissolved in hot pyridine, and the solution allowed to 
cool, sphingomyelin is precipitated in an impure form as sph^ro- 
crystals, which in suspension rotate the plane of polarised light to the 
left. Choline, sphingosine, and fatty acids have been found ainong 
its cleavage products. It, however, differs from lecithin by containing 
no glycerol. 

Jeforin is a substance first separated from the liver by Drechsel and 
since found in other organs. It appears to be a mixture or possibly a 
compound of kephalin or a diamino-mono-phosphatide with sugar. 

The Luteins or Lipochromes.—The yellow or orange-red pig¬ 
ments which usually accompany fats in the animal organism, were 
called iuieins by 1 hudichum, who was the first to recognise, by spectral 
analysis, their identity wdtli the yellow flower pigments which are now 
called carotinoids. The two best-known representatives are carotin 
(C4oH5g), which is an unsaturated hydrocarbon, and xanthophyll 
(C40H5gO2), an oxide of carotin. Their isolation from animal tissues 
presents great difficulties, owing to the small amounts present (only 
0*45 gr. carotin was obtained from 10,000 cows’ ovaries) and owing 
to their solubility in the usual solvents for fat, from which they cannot 
be easily separated. They are, however, in distinction from fats, 
not affected by saponification. In carbon disulphide solution they 
possess typical absorption bands in the blue end of the spectrum. The 
lutein of the ovaries, of milk and butter, consists of carotin. The 
lutein of egg-yolk is isomeric with xanthophyll. Serum lutein (cow) 
consists mainly of carotin, which seems to be. present in a water-soluble 
combination with serum albumin. These pigments can apparently 
not be synthesised by the animal, but are taken up from the food, the 
colour of the egg, milk, or butter depending greatly upon the amount 
of the pigments available in the vegetable food given. 
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THE PROTEINS 

1- TESTS FOR PROTEINS.—Tlie following tosts are to l 3 e tried 
with a mixture of one part of wMte of egg to ten of water. (Egg- 
white contains a mixture of albumin and globulin.) 

(a) Heat Coagulation. —Faintly acidulate with a few drops of 
2 per-cent, acetic acid and boil. The protein is rendered insoluble 
(coagulated protein). 

(b) Filter some of the egg-wbite solution, and acidify with a 
few drops of 20 per-cent, acetic acid; a drop of potassium ferro- 
eyanide then gives a white precipitate. 

(c) Precipitation with J^itric Acid.—Hhe addition of strong nitric 
acid to the original solution also produces a white precipitate. 

(d) Xanthoproteic Reaction. — On boiling the white precipitate 
produced by nitric acid it turns yellow; after cooling add ammonia; 
the yellow becomes orange.^ 

(e) Millon^s Test. —Millon’s reagent^ gives a white precipitate, 
which turns brick-red on boiling. 

(f) Rosds or Piotrowski’s Test (Biuret reaction). —Add mie drop 
of a 1 per-cent, solution of cupric sulphate to the original solution 
and then excess of caustic potash, and a violet solution is 
obtained. 

Repeat experiment (f) with a solution of commercial peptone, 
and note that a rose-red solution is obtained. 

(g) Rosenheim’s Formaldehyde Reaction. —Add to the solution of 
commercial peptone a very dilute solution of formaldehyde (1:2500), 
and then about one-third of the volume of strong sulphuric acid 
containing (as most commercial specimens of the acid do) a trace 
of an oxidising agent such as ferric chloride or nitrous acid. A 
purple ring develops at the surface of contact. This reaction is 
the foundation of the original Adamkiewicz reaction. 

(h) AdamJdexoicz Reaction. —Here glacial acetic acid was used instead 

^ Consult p. 56 for an explanation of this and the following colour reactions. 

Mercury is dissolved in its own weight of nitric acid. The solution so 
obtained is then diluted with twice its volume of water. • The decanted clear 
liquid is Millon’s reagent; it is a mixture of the two nitrates of mercury con¬ 
taining excess of nitric acid.^ 
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of the fonoaldehyde. Most commercial specimens of glacM acetic 
acid contain hydrogen peroxide as an impurity; the oxidising action 
of this on the acetic acid leads to the formation of traces of glyoxyUc 
add and formaldehyde; the necessary factors for the occurrence of 
the formaldehyde reaction are thus present. Glyoxylic acid gives the 
reaction by virtue of its decomposition into formaldehyde, which, 
when present in minute traces, also reacts with pure sulphuric acid. 

The reactions (g and h) are given hy the solution of egg-white, 
Mt not so markedly. 

2. ACnOH or MEXJTEAL SALTS.—(a) Saturate the solution of 
e^’-wM'te "with ma^uesiuin sulphate hy adding crystals of the salt and 
grinding it up tlioroTighly in a mortar. A white precipitate of egg- 
glohulin is product. Filter. The filtrate contains egg-albumiu. The 
precipitate of the globulin is very small. 

(b) iTa-F isaturate the solution of egg-white with ammonium sulphate. 
This may be done by adding to the solution an ecLual volume of a 
saturated solution of ammonium sulphate. The precipitate produced 
consists of the globulin; the alhumin remains in solution. 

(c) Completely saturate another portion with ammonium sulphate 
by adding crystals of the salt and grinding in a mortar—a precipitate 
is produced of both the globulin and albumin. Filter. The filtrate 
contains no protein. The protein precipitate may he readily seen in 
the crystal-magma by suspending the contents of the filter paper in 
»turated ammonium sulphate solution. 

(d) Beimt the last experiment (c) with a solution of commercia] 
peptona A predpitate is produced of the proteoses it contains. 
Filter. The filtrate contains the tme peptone. This gives the biuret 
reaction (see above), but large excess of strong potash must be added 
on account of the presence of ammonium sulphate. Ammonium 
mlplmU added to mturaiion precipitates all protedm except peptone. 

3. AGnOH OF ACIDS AND ALKALIS ON ALBUMIN.—Take 
three tmt-tub^ and label them A, B, and C. In each place an eaual 
amount of diluted e^-wMte. 

To A add a few drops of 01 per-cent, solution of caustic potash. 

To B add the same amount of 0*1 per-cent, solution of caustic 

potadi. 

To C add a rather krger amount of 0*1 per-cent, snlphudc acid. 

Put all Ifiiree into the warm hath ^ at about the temperature of 
the body (S6-40* 0.). 

After five minutes remove test-tube A, and boil. The protein is 

^ A coa lenient form of warm bath suitable for class purposes may be made by 
placing an ordinary tin pot half full of water over a bent piece of iron which acts 
as a warm stage. The stage is, kept warm by a small gas flame. 
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no longer coagulated by beat, baving been converted into aXkcdi-rrieta- 
fToUin. After cooling, colour with btmus solution and neutralise 
with OT per-cent. acid. At tbe neutral point a precipitate is formed 
wMcb is soluble in excess of either acid or alkali. 

IText remove B. Tbis also now contains alkali-metaprotein. Add 
to it a few drops of sodium pbospbate, colour with btmus, and neutralise 
as before. ITote that tbe aJkab-metaprotein now requires more acid 
for its precipitation than in A, tbe acid wbicb is first added converting 
tbe sodium pbospbate into acid sodium pbospbate. TMs exercise shows 
that tbe presence of inorganic salts wMcb react with acids may modify 
tbe reactions of alkali-metaprotein. 

bfow remove 0 from tbe bath. Boil it. Again there is no coagula¬ 
tion, tbe proteins baving been converted into add-Tmtaprotdn, After 
cooling, colour with litmus and neutralise with OT per cent, alkali. 
At tbe neutral point a precipitate is formed, soluble in excess of acid 
or alkab. (Acid-metaprotein is formed more slowly than alkali-meta¬ 
protein, so it is best to leave tbis experiment to tbe last.) 

Other acids, such as acetic or oxalic, may be employed instead of 
sulphuric acid for making acid-metaprotem. Tbe following exercise 
with oxabc acid gives good results:—To half a test-tubefol of diluted 
egg-wbite add 5 to 10 drops of a saturated solution of oxalic acid. 
Keep tbe mixture at a temperature of 40-50“ C. for a few minutes. 
Then gradually beat tbe solution to boiling point; no coagulum results. 

4. GELATIN.—Take some gelatin and dissolve it in hot water. 
On cooling, tbe solution sets into a jelly (gelatinisation). 

Take a dilute solution of tbe gelatin, and try all tbe protein tests 
with it enumerated on p. 41. - Carefully note down your results. 

5. KERATDT.—Suspend some bom shavings or hair in water, and 
try all tbe colour tests for protein with tbis. Repeat also with tMs 
tbe sulphur test (Lesson I, Exercise 7 b, p. 7). 

6. MXJCDT.—Add a few drops of acetic acid to some saliva. A 
stringy precipitate of mucm is formed. 

7. MUCOID.—A tendon has been soaked for a few days in lime 
water. Tbe fibres are not dissolved, but they are loosened from one 
another owing to tbe solution of tbe interstitial or ground substance 
by tbe lime water. Take some of tbe lime water extract and add acetic 
acid. A precipitate of mucoid is obtained. Tbe fibres themselves 
consist of collagen, which yields gelatin on boiling. Vitreous humour 
or tbe Wbartonian jelly of tbe umbilical cord is much richer in ground 
substance than tendon, and, if treated in tbe same way, a much larger 
yield of mucoid is obtained. 
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The Proteins are the most important substances that occur in 
animal and vegetable organisms, and protein metabolism is the most 
characteristic sign of life. 

They are highly complex compounds of carbon, hydrogen, oxygen, 
nitrogen, and sulphur occurring in a solid viscous condition, or in 
solution in nearly all parts of the body. The different members of the 
group present great similarities, for instance, in the large size of their 
molecules, and in giving certain colour tests; there are, on the other 
hand, considerable differences between the various proteins. 

The proteins in the food form the source of the proteins in the body 
tissues, but the latter are usually different in composition from the 
fomier. The food proteins are in the process of digestion broken up 
into simple substances, usually called cleavage products, and it is from 
these that the body cells reconstruct the proteins peculiar to themselves. 
As a result of katabolic processes in the body the proteins are finally 
again broken dowm, carbonic acid, water, sulphuric acid (combined as 
sulphates), urea, and creatinine being the principal final products which 
are discharged in the urine and other excretions. The intermediate 
substances between the proteins and such final katabolites as urea will 
be discussed under Urine. 

The following figures will show how different the proteins are even 
in elementary composition. Hoppe-Seyler many years ago gave the 
variations in percentage composition as follows:— 

C H N S O 

From 51*5 6-9 15-2 0-3 20-9 

To 54*5 7*3 17-0 2-0 23*5 

and recent research has since shown that the variations are even 
greater than those given by Hoppe-Seyler. 

Differences between proteins are also seen when the cleavage pro¬ 
ducts are separated and estimated. These differ both in kind and in 
amount, but nearly all of them are substances which are termed amino- 
acids. We know now that the proteins are linkages of a greater or 
lesser number of these amino-acids, and there is hope that in the future 
this knowledge will lead to an actual synthesis of the protein molecule, 
and with that will come an accurate knowledge of its constitution. 

When the protein molecule is broken down in the laboratory by 
processes similar to those brought about by the digestive enzymes 
which occur in the alimentary canal, the essential change is due to 
what is called hydrolysis : that is, the molecule unites with water and 
then breaks up into smaller” molecules. The first cleavage products, 


4 
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which are called proteoses^ retain many of the characters of the original 
protein ; and the same is true, though to a less degree, of the peptones, 
which come next in order of formation. The peptones in their turn 
are decomposed into short linkages of amino-acids which are called 
polypeptides, and finally the individual amino-acids are obtained 
separated from each other. 

What we have already learnt about the fatty acids will help us in 
understanding what is meant by an amino-acid. 

If we take acetic acid, which is one of the simplest of the fatty 
acids, we see that its formula is 

CH3.COOH. 

If one of the three hydrogen 
atoms in the CH 3 group is replaced 
by NH 2 , we get a substance which 
has the formula 

CH2.NH2.COOH. 

The combination NH 2 which has 
stepped in is called the amino- 
group, and the new substance now 
formed is called amino-acetic acid', 
it is also termed glycine or glycocolL 

We may take another example from another fatty acid. Propionic 
acid is C 2 H 5 .COOH ; if we replace an atom of hydrogen by the amino- 
group as before, we obtain C 2 H 4 .NH 2 .COOH, which is amino-propionic 
acid or alanine. 

If instead of propionic we take hydroxy-propionic acid, its amino- 
derivative (amino-hydroxy-propionic acid) is termed serine. 

A fourth amino-acid is similarly obtained by the introduction 
of the NHg into valeric acid, C4H9.COOH. Amino-valeric acid, 
C4H3.NH2.COOH, is called Valine. 

Going to the next fatty acid in the series, caproic acid, C 5 H 11 .COOH, 
we obtain from it in an exactly similar way CgHio-NHg.COOH, which 
is amino-caproic acid or leucine. Impure leucine crystallises in 
spheroidal clumps of crystals, as shown in fig. 4, With pure leucine 
the needle-like crystals are obtained separately. 

According to the way in which the amino-group is linked, a large 
number of isomeric amino-caproic acids, all with the same empirical 
formula, are theoretically possible. Many of these have been prepared 
synthetically, and it has been shown that the amino-caproic acid called 
leucine, formed by hydrolysis from most proteins, is the laevo-rotatory 





46 


ESSENTIALS OF CHEMICAL PHYSIOLOGY 


^arietyj and should be more accurately named ^z-amino-isobutyl-acetic 
acid. Normal £2-amino~caproic acid is, however, stated to be obtained 
from the proteins of brain, and was called, on account of its sweet 
taste, glycoleucine by its discoverer (Thudichum). Abderhalden calls 
it norleucine. The graphic formulae of the two substances are 



rCHs 

CHa 


'H3C CHg 

CH 

Normal 

CHi, 

Iso-butyl 

1 

^j-amino-caproic - 

1 

fl^-amino- \ 

CH2 

acid 

CHa 

1 

CH.NHj 

1 

vCOOH 

acetic acid 

CH.NH, 

1 

COOH 


Iglfcoleudne] [leucine] 


Allthefiveamino-acids mentioned (glycine,alanine, serine, valine, and 
leucine) are found among the final cleavage products of most proteins. 

A second group of amino-acids is obtained from fatty acids, which 

a>ntain two carboxyl (COOH) groups in their molecules. The most 

important of the amino-derivatives obtained from these dicardoxylic 

adds are:— * . . • •-r / • \ 

Ammo-succmamic acid (asparagme), 

Amino-succinic add (aspartic add), 

Amino-glutaric add (glutamic acid). 

The third group of amino-adds is a very important one ; these are 
termed the aromatic amino-acids ; that is, amino-adds united to the 
benzme ring, and of these we will mention two, namely, phenyl-alanine 
and tyrosine. We shall also have to consider a nearly related substance 
called tryptophane. 

Phenyl-alanine is alanine or amino-propionic acid in which an 
atom of hydrogen is replaced by phenyl (CeH^). 

Propionic add has the formula C2HS.COOH. 

Alanine (amino-propionic add) is C2H4NH2.COOH. 

Phenyl-alanine is CgHs.CgHg.NHg.COOH. 

The formula of phenyl-alanine may also be written in another way. 

If an H in the benzene ring (see p. 17 ) is replaced by the side 
chain CH2CH,NH2.COOH, we obtain the formula of phenyl-alanine:— 

/X 


CH2.CHNH2COOH 
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the remainder of the benzene ring, which is unaltered, being repre¬ 
sented as usual by a simple hexagon. 

Tsrrosine is a little more complicated ; it is /-oxyphenyl-alanine; 
that is, instead of phenyl (CgHs) in the formula of phenyl-alanine, we 
have now oxyphenyl (C6H4.OH); this gives us 

(C6H4.0H)C2H3.NHo.C00H 
as the formula for tyrosine written one way, or 


HO 

\/ 

CH2.CHNH2.COOH 

when written in the other way. 
Tyrosine crystallises in collec¬ 
tions of very fine needles (see 

fig. 5 ). 

Tryptophane is more com¬ 
plex still; it is indole amino- 
propionic acid : that is, amino- 
propionic acid united to another 
ringed derivative called indole. 
Tryptophane is the portion of 
the protein molecule which is the 
parent substance of two evil¬ 
smelling products of protein de- 




Frc 5.—Tyrosine crystals. 


composition called indole and scatole or methyl indole. Indole (C8H7N) 


is a combination of the benzene and pyrrol rings, as shown below:— 


CH 



CH NH 


Tryptophane is the radical in the protein molecule which is 
responsible for the colour test called the Adamkiewicz reaction. 

In aU the preceding cases, there is only one replacement of an 
atom of hydrogen by NHg ; hence they may be grouped together as 
mono-amino-acids, 
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Passing to the next stage in complexity, we come to another group 
of amino-acids which are called dmmmo-2iQ,ids >; that is, fatty acids in 
which two hydrogen atoms are replaced by NHo groups. Of these w^e 
may particularly mention lysine, ornithine, arginine, and histidine. 

Lysine is diamino-caproic acid. Caproic acid is C5H11.COOH. ^ 
Mono-amino-caproic acid or leucine, we have already learnt, is 
C5H10.NHg.COOH. Lysine or diamino-caproic acid is C5H9,(NH2)2. 
COOH. 

Ornithine is diamino-valeric acid, and the following formulae will 
show its relationship to its parent fatty acid :— 

C4H9COOH is valeric acid. 

C4H7(NH2)2C00H is diamino-valeric acid or ornithine. 

Arginine is a somewhat more complex substance, which contains 
the ornithine radical. It belongs to the same group of substances as 
creatine, another important cleavage product of the protein molecule. 
Creatine is methyl-guanidine acetic acid, and has the formula 

HN 

—N(CH 3 )CH 2 .C 00 H 

h,n' 

On boiling it with baryta water, it takes up water (HgO) and splits at 
the dotted line into urea (CO(NH2)2) and sarcosine, as shown below. 


H,N 


\c = 0 I NH.CH3.CH2.COOH 
H,N' i 


[urea] [sarcosine or me thy I-glycine] 

Arginine splits in a similar way, urea being split off on the left, 
and ornithine instead of sarcosine on the right. Arginine is, there¬ 
fore, a compound of ornithine with a urea group. 

Histidine, though not strictly speaking a diamino-acid, is a diazine 
derivative (imidazole-amino-propionic acid) and so may be included in 
the same group. Its formula is 


HC -C—CH2.NH2.COOH 


HN N 

\ /" 

C 


H 

These substances we have hitherto described as acids, but they 
may also play the part of bases, for the introduction of a second basic 
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group into the fatty acid molecules confers upon them basic properties. 
The three substances :— 

Lysine.C6Hi4N202 

Arginine.C6H14N4O2 

Histidine .... 

are in fact often called the hexone bases, because each of them contains 
six atoms of carbon, as the above empirical formulae show. 

Cystine is a complex diamino-acid in which sulphur is present, and 
in which the greater part of the sulphur of the protein molecule is 
contained. The sulphur test described in Lesson I, Exercise 7 {b), p. 7 , 
is due to the presence of the cystine group in the protein molecule, and 
it is particularly well shown by such proteins as keratin, which are rich 
in cystine. 

Chemically it is di- (thio-amino-propionic acid), and its formula is 

CH2--S—S—CHg 

I I 

CH.NH2 CH.NHj 

1 ! 

COOH COOH 

We may summarise what we have learnt up to this point by enumer¬ 
ating the principal members of these various groups of amino-acids :— 

(1) The mono-amiiio-acids : 

{a) Of the mono-carboxylic group : glycine, alanine, serine, 
valine, and leucine. 

{p) Of the dicarhoxylic group : asparagine, aspartic acid, and 
glutamic acid. 

(^) Of the ringed group : phenyl-alanine, tyrosine, and trypto¬ 
phane. 

( 2 ) The diamino-acids : lysine, ornithine, arginine, and cystine. 
We have still to mention :— 

( 3 ) Pyrrolidine Derivatives. —These are derivatives of a ring 
which reminds us of the benzene ring, but nitrogen is included in the 
ring-formation ; the most important are pyrrolidine-carboxylic acid, or 
proline, and its hydroxy derivative oxyproline. The formula for proline, 
which is a very constant product of protein cleavage, is 

I I 

H,C CH.COOH 
' \/ 

NH 

( 4 ) Pyrimidine Bases. —^These are derivatives of the pyrimidine 
ring, another heterocyclic nucleus. 
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The pyrimidine bases obtainable from the cleavage of certain 
proteins (nucleo-proteins) are cytosine, thymine, and uracil. Their 
formulje are as follows:— 

H.N—GO H.N—GO N = C.NHa 

II I ! II 

0:C GH 0;C C.CHs 0:0 C.H 

! ii I II I II 

H.N—GH H.N—GH H.N—GH 

laracil or dioxypyrimidioel phjTnine or methyl uracil] [cytosine or amino oxypyrimidine] 

( 5 ) Pimne -These, like the preceding, are obtained from the 

nucleic acid complex of nucleo-proteins, and will be described on p. 64 . 

(6) Ammonia. 

Our list now represents the principal groups of chemical nuclei 
united together in the protein molecule, and its length makes one 
realise the complicated nature of that molecule and the difficulties 
which beset its investigation. We may put the problem another way. 
In die simple sugars, with six atoms of carbon, there are as many as 
twenty-four dilBferent ways in which the atomic groups may be linked 
up ; the formulae on p. 22 give only three of these which represent the 
structure of glucose, fructose, and galactose ; but the majority of the 
remainder have also been prepared by the chemists. The molecule of 
albumin has at least 700 carbon atoms, so the possible combinations 
and permutations must be reckoned by many thousands. 

Many workers are steadily analysing the various known proteins, 
taking them to pieces and identifying and estimating the fragments. 
The following brief table gives the results obtained with some of the 
cleavage products of a few proteins. The numbers given are per¬ 
centages :— 



’ 

Serum-Albumin. I 

c 

e 

a 

.Q 

< 

w 

3 

3 

i 

s 

o 

m 

Caseinogen of i 
Cow’s Milk. 1 

Gelatin. ! 

Keratin from 
Horse Hair. . 

Edestin, a Globulin 
from Cotton Seed. 

Zeln, from Maize. 

Glladin, from 
Wheat. 

i Glycine . 

0 

0 

3-5 

0*5 

16-5 

4-7 

1*2 

0 

0-02 

I-^ettcine. " 

^■0 

6‘1 

1 18-7 

10*5 

2-1 

71 

15*5 

18-6 

5*6 

Glatamic acid 

7*7 

8*0 

8-5 

11*0 

0*9 

3-7 

17*2 

18-3 

37*3 

Tyrosme 

2‘1 

I’l 

' 2*5 

4*5 

0 

3*2 

2*1 

3-5 

1*2 

Arginine 

... 

... 


4*8 

7*6 

... 

11*7 

1*2 

a*2 

Tryptophane . 

+ 

4- 

+ 

T5 

0 


4- 

0 

4- 

Cystine . 

2-5 

0‘3 

0-7 

0*06 


More 
than 10 

|o-2 


0*4 
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Such numbers, of course, are not to be committed to memory, 
especially as the methods of analysis cannot in all cases be considered 
satisfactory, but they are sufficient to convey to the reader the 
differences between the proteins. There are several blanks left, on 
account of no estimations having yet been made. Where the sign + 
occurs, the substance in question has been proved to be present, but 
not yet determined quantitatively. Among the more striking points 
brought out are ;— 

1. The absence of glycine from albumins. 

2 . The high percentage^of glycine in gelatin. 

3 . The absence of tyrosine and tryptophane in gelatin. 

4 . The high percentage of the sulphur-containing substance 
(cystine) in keratin. 

5 . The high percentage of glutamic acid in vegetable proteins. 

We have next to consider the way in which the amino-acids are 

linked together into groups ; and the culmination of this branch of 
research will be the discovery of the way in which such groups are 
linked together to form the protein molecule. 

The groups are termed polypeptides ; many of these have been 
made synthetically in the laboratory, and so the synthesis of the 
protein molecule is foreshadowed. 

We may take as our examples of the polypeptides some of the 
simplest, and may’' write the formulae of a few amino-acids as follows :— 

NHg.CHg.COOH Glycine 

NH2.C2H4.COOH Alanine 

NHg.CgHjo-COOH Leucine 

or in general terms 

HNH.R.COOH 


Two aminb-acids are linked together as shown in the following 
formula:— 


HNH.R.CO 


OH.H 


NH.R.COOH 


What happens is that the hydroxyl (OH) of the carboxyl (COOH) 
group of one acid unites with one atom of the hydrogen of the next 
amino (HNH) group, and water is thus formed as shown within the 
dotted lines : this is eliminated and the rest of the chain closes 
up. In this way we get a dipeptide. The names glycyl, alanyl, 
leucyl, etc., are given to the NH2.R»CO group which replaces the 
hydrogen of the next NHg group. Thus glycyl-glycine, glycyl-leudne,- 
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leucyl-aknine, alanyl-leucme^ and numerous other combinations are 
obtained. If the same operation is repeated we obtain tripeptides 
(leucyl-glycyl-akninej alanyl-leucyl-tyrosine, etc.); then come the 
tetrapeptides and so on. In the end, by coupling the chains sufficiently 
often, and in appropriate order, Fischer obtained substances which give 
some of the reactions of peptone. 

Hausmann’s Method —The ideal aim of the chemist would be to 
separate the complex mixture of cleavage products quantitatively in 
such a way as to account for the whole of the carbon, nitrogen, sulphur, 
etc., in the original protein. This idea has not yet been attained on 
account of the secondary reactions taking place during hydrolysis, such 
as formation of brown and black pigments, splitting off of carbonic 
acid, etc. Even with the best methods at his disposal, Fischer and his 
colleagues succeeded in separating at the utmost 50 to 70 per. cent, of 
the amino-acids present in the cleavage products, and the chief loss 
appears to be in the mono-amino-acids. A new method recently 
introduced by Dakin has, however, given better results. 

Under these circumstances it is of the greatest value to be able to 
obtain, by a short and trustworthy procedure, at least an approximate 
knowledge of the nitrogen distribution in the protein molecule, even if 
this does not allow us to determine quantitatively the individual cleavage 
products. Such a method has been worked out, mainly in Hofmeister’s 
laboratory, by Hausmann, and has been subsequently used by Osborne 
and others. 

Hausmann’s method is shortly as follows:—The total nitrogen of 
the protein is estimated by KjeldahFs method. A weighed amount 
of the substance is then hydrolysed by means of hydrochloric acid. 
After complete hydrolysis the cleavage products are separated into 
three classes and the nitrogen estimated in each as— 

1 . Amide-N or ammonia nitrogen. This comprises the nitrogen 
of that part of the protein molecule which is easily split off as 
ammonia, and is determined by distilling off the ammonia after adding 
magn^ia. 

2 . Diamino-N. The fluid, free from ammonia, is precipitated by 
phosphotungstic acid, and the nitrogen present in the precipitate 
determined. This represents the nitrogen of the diamino-acids (histi¬ 
dine, arginine, etc.). 

3 . Mono-amino-N. This is the nitrogen contained in the residual 
fluid after removal of the amide and diamino-N. 

This method has furnished most valuable information when applied 
to different animal and vegetable proteins, as is shown in the following 
table from the analyses of Osborne :— 
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Total N. 

Amide-N. 

Diamino-N. 

^lono- 

amino-N. 

Zein (maize) .... 

1(5-13 

2-97 

0-49 

12-51 

Hordein (barley) 

17-21 

4-01 

0-77 

12-04 

Gliadin (wheat).... 

17-66 1 

4-20 

0-98 ! 

12-41 

Glutenin (wheat) 

17-49 

3-30 

! 2-05 

11-95 

Leucosin (wheat) 

16-93 

1-16 

3-50 I 

11-83 

Edestin (hemp) .... 

lH-64 

1-88 

! 5-91 

10-78 

Caseinogen (milk) 

15-62 

1-61 

I ^‘49 

10-31 


These figures show interesting differences between otherwise similar 
proteins. New characteristics are given for some protein groups, e.g, the 
alcohol-soluble vegetable proteins, which possess a high amide-N and 
low diamino-N. In Osborne’s analyses (not given) of various edestins, 
great differences of the diamino-N were revealed. The method has also 
proved useful for the differentiation of proteoses, and interesting deduc¬ 
tions as to the food value of various proteins have been drawn from its 
results. As 80 to 90 per cent, of the carbon of proteins (according to 
Kossel) is present in combination with nitrogen, the method is likely to 
give important clues as to the constitution of different proteins. 

Van Slyke’s Method.—A further differentiation of the units in 
the protein molecule has been made possible by a method Van Slyke has 
introduced. The details of the method are given in'Lesson XVIII; it 
is an application of the well-known reaction of nitrous acid on sub¬ 
stances containing an amino-group. Since nitrous acid liberates nitro¬ 
gen only from the amino-group, it is possible, by estimating the total 
nitrogen, to determine by difference the non-amino-nitrogen in a protein 
(that is, the part of the nitrogen which is in heterocyclic combination in 
proline, oxyproline, tryptophane, and histidine). By making use of 
these facts, and applying them to Hausmann’s method, Van Slyke has 
been successful in determining from 98 to 100 per cent, of the nitrogen¬ 
ous products of a complete protein hydrolysis, and the whole operation 
can be carried out with 2 or 3 grammes of the protein material. After 
complete hydrolysis of the protein, the ammonia nitrogen is estimated 
by -vacuum distillation after adding magnesia. Arginine, histidine, 
lysine, and cystine are precipitated, as in Hausmann’s method, by 
phosphotungstic acid ; this precipitate is dissolved, and the total nitro¬ 
gen and the amino-nitrogen in it are estimated. The difference gives 
the non-amino-nitrogen in the histidine (which contains two-thirds non¬ 
amino-nitrogen) and arginine (which contains three-quarters non¬ 
amino-nitrogen). The remaining nitrogen of this fraction is contained 
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in the bases lysine and cystine ; these contain only amino-nitrogen ; 
cystine is determined separately by a sulphur estimation, and lysine by 
difference. Of the other pair of amino-acids, arginine is estimated by 
l)oiling with potash, which splits off half its nitrogen as ammonia, and 
histidine by difference. The mono-amino-acids contained in the 
phosphotungstic filtrate are separated into two fractions: (1) the acids 
which contain only amino-nitrogen, and (2) those which also contain 
secondary nitrogen in the pyrrolidine ring (proline and oxyproline), 
or in the indole ring (tryptophane). 

During the distillation of the ammonia (amide nitrogen), a black 
colouring matter is formed; the nitrogen in this is estimated and is 
designated humin nitrogen. The following table gives the amounts in 
percentages of the total nitrogen, of the nitrogen in the various fractions 
of certain proteins :— 


j Wheat gliadin . 

; Edestin 

! Keratin (from 

hair) 

Gelatin 
Fibrin 

Hemoglobin 

.. _ _ 

It will be seen that practically 100 per cent, of the total nitrogen is 
accounted for. A further striking result is the high non-amino-nitrogen 
percentage in gelatin, mdicating that larger quantities of proline are 
contained in it than older analyses had revealed. The large amount of 
lysine in hemoglobin is also unexpected. The method has a great 
future before it, 

TESTS FOE PEOTEIES 

Solubilities.—^The proteins are insoluble in alcohol and ether. 
Some are soluble in water,^ others insoluble. Many of the latter 
are soluble in weak saline solutions. Some are insoluble, others 
soluble in concentrated saline sblutions. 

^ The proteips are not truly soluble in water; they are in a state of colloidal 
solution, a condition intermediate between true solution and suspension. Many of 
their properties are due to this fact. (See Appendix.) 


1-25 5*71 5*20 
1*49 27-05 5*75 


0*75 51-98 
3*86 47*55 


10*051 7.42 6*60 15-33 3*48 5*37 47*50 3*10 98*85 

2*25 1 0*07 0*00 14*70 4*48 6*3*2 56*30 14*90 99*02 

8*32 3*17 0*99 13-86 4*83 11-51 54*30 2*70 99*58 

5*24 Z'm 0*00 7-70 1*2*70 10*90 57*00 2*90 100*04 






THE PROTEINS 


55 


All proteins are soluble with the aid of heat in concentrated 
mineral acids and alkalis. Such treatment, however, decomposes as 
well as dissolves the protein. Proteins are also soluble in gastric and 
pancreatic juices ; but here, again, they undergo a change, as we have 
already seen. 

Heat Coagulation. —Most native proteins, such as white of egg, 
are rendered insoluble when their solutions are heated. The tempera¬ 
ture of heat coagulation differs in different proteins ; thus myosinogen 
and fibrinogen coagulate at 56° C., serum-albumin and serum-globulin 
at about 75° C. 

The proteins which are coagulated by heat come mainly under two 
classes: tht albumins dcsiA th.t globulins. These 
differ in solubility; the albumins are soluble in 
distilled water, the true globulins require salts 
to hold them in solution. 

Indiffusibility.—The proteins (peptones ex¬ 
cepted) belong to the class of substances called 
colloids by Thomas Graham ; that is, they pass 
with difficulty, or not at all, through animal 
membranes. In the construction of dialysers, 
vegetable parchment is largely used. 

Proteins may thus be separated from 
diffusible {crystalloid) substances such as salts, 
but the process is a tedious one. If some 
serum or white of egg is placed m a dialyser Fig. 6 .—inthisformofdiaiyser 

... i the substance to be dialysed 

(ng. 6) and distilled water outside, the greater is placed within the piece 

j. r J.-L. ^ ^ of tubing suspended in the 

amount OI the salts passes into the water larger v^sel of water. The 

through the membrane and is replaced by 
water ; the two proteins albumin and globulin 

remain inside ; the globulin is, however, precipitated, as the salts 
which previously kept it in solution are removed. 

The terms “ diffusion,” “ dialysis,” and “ osmosis ” should be 
distinguished from one another. 

If water is carefully poured on the surface of a solution of any 
substance, this substance gradually spreads through the water, and the 
composition of the mixture becomes imiform in time. The time 
occupied is short for substances like sodium chloride, and long for 
substances like albumin. The phenomenon is called diffusion. If 
the solutions are separated by a membrane the term dialysis is employed. 
The word osmosis is properly restricted to the passage of water through 
membranes, and can be best studied when semi-permeable membranes 
are employed. See more fully article Osmosis in Appendix. 










56 


ESSENTIALS OF CHEMICAL PHYSIOLOGY 


CiystalHmtion.-™~Hi€moglobin, the red pigment of the blood, is 
a protein substance and is crystaliisable (for further details, see The 
Blocxi, Lesson IX). Like other proteins it has an enormously large 
molecule; though cr}^staliine, it is not, however, crystalloid in 
Graham's sense of that term. Blood pigment, however, is not the 
only crystaliisable protein. Long ago cr}^stals of protein (globulin 
or vitellin) were o!}scrved in the aleurone grains of many seeds, 
and in the somewhat similar granules occurring in the egg-yolk 
of some fishes and amphibians. By appropriate methods these 
have been separated and recrystallised. Further, egg-albumin itself 
has been crystallised. If a solution of white of egg is diluted with 
an equal volume of saturated solution of ammonium sulphate, the 
globulin present is precipitated and is removed by filtration. The 
filtrate is now allowed to remain some days at the temperature 
of the air, and as it bec'omes more concentrated from evaporation, 
minute spheroidal globules, and finally minute needles of egg-albumin, 
either aggregated or separate, make their appearance (Hofmeister). 
Crystallisation is more rapid if a little acetic or sulphuric acid is 
added (Hopkins). Serum-albumin (from some animals) has also been 
similarly crystallised (Giirber). 

Action on Polarised Light.—All proteins are lasvo-rotatory, the 
amount of rotation varying with individual proteins. Several of 
the conjugated proteins, e.g. haemoglobin, and nucleo-proteins are 
dextro-rotatory, though their protein components are Isevo-rotatory 
(Gamgee). 

Colonr Eeactions.—The principal colour reactions have been 
already described in the heading of this lesson. 

(1) The xantho-proteic reaction depends on the conversion of the 
aromatic group of the protein molecule into nitro-derivatives. 

(2) IVfillon’s reaction is due to the presence of the tyrosine group, 
and is given by all benzene derivatives which contain a hydroxyl group 
(OH) replacing hydrogen. 

(3) The formaldehyde reaction (and the Adamkiewicz reaction) is 
due to the presence of the tryptophane radical (indole amino-propionic 
acid). 

The presence, absence, or intensity of these colour tests in various 
proteins depends respectively on the presence, absence, or amount of 
the groups to which they are due. 

(4) In the copper sulphate test the proteoses and peptones behave 
differently from the native proteins; the latter give a violet and the 
former a rose-red colour, which is called the hure^ reaction, because the 
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same tint is also given by the substance called biuret.^ The name does 
not imply that biuret is present in protein, but both biuret and protein 
give the reaction because they possess the same atomic groups, namely, 
two CONH 2 groups linked either to a carbon atom, or to a nitrogen 
atom, or directly to one another (Schiff). The native proteins give 
a violet colour because the red tint of the copper compound with the 
biuret group is mixed with another copper compound which has a 
blue colour. 

Precipitants of Proteins. —Proteins are precipitated by a large 
number of reagents ; the peptones and proteoses are exceptions in many 
cases, and will be considered separately afterwards (see Lesson VII). 

Solutions of the proteins are precipitated by— 

1. Strong acids, such as nitric acid. 

2. Picric acid. 

3. Acetic acid and potassium ferrocyanide. 

4. Acetic acid and excess of neutral salts, such as sodium sulphate. 

5. Salts of the heavy metals, such as copper sulphate, mercuric 
chloride, lead acetate, silver nitrate, etc. 

6 . Tannin. 

7. Alcohol. 

8 . Saturation with certain neutral salts, such as ammonium sulphate. 

It is necessary that the words coagulation and precipitation should, 

in connection with the proteins, be carefully distinguished. The term 
coagulation is used when an insoluble protein (coagulated protein) is 
formed from a soluble one. This may occur— 

1. When the protein is heated— heat coagulation. 

2. Under the influence of an enzyme; for instance, when a curd 
is formed in milk by rennet or a clot in shed blood by the fibrin 
ferment— enzyme coagulation. 

There are, however, certain precipitants of proteins in which the 
precipitate formed is readily soluble in suitable reagents, such as saline 
solutions, and the protein continues to show its typical reactions. This 
precipitation is not coagulation. Such a precipitate is produced by 
saturation with ammonium sulphate. Certain proteins, called globulins, 
are more' readily precipitated by such means than others. Thus, 
serum-globulin is precipitated by half-saturation with ammonium 
sulphate. Full saturation with ammonium sulphate precipitates all 
proteins but peptone. The globulins are precipitated by certain salts, 

^ Biuret is obtained by heating solid urea; ammonia is given off and leaves 
biuret thus 

2CON2H4 = C2O2NSH5 + NHg 
[urea] [biuret] [amoionia] 
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such as sodium chloride and magnesium sulphate, which do not 
precipitate the albumins. The precipitation of proteins by salts in 
this way is conveniently termed “ salting out.” 

T’he precipitate produced by alcohol is peculiar in that after a time 
it becomes a coagulum. Protein freshly precipitated by alcohol is 
readily soluble in water or saline media ; but after it has been allowed 
to stand some time under alcohol it becomes more and more insoluble. 
Albumins and globulins are most readily rendered insoluble by this 
method ; proteoses and peptones are never rendered insoluble by the 
action of alcohol. This fact is of value in the separation of these proteins 
from others. 


OLASSIPIOATION OP PEOTEINS 


The knowledge of the chemistry of the proteins which is slowly 
progressing will no doubt in time enable us to give a classification of 
these substances on a strictly chemical basis. The following classifica¬ 
tion must be regarded as a provisional one, which, while it retains the 
old familiar names as far as possible, yet attempts also to incorporate 
some of our new knowledge. The classes of animal proteins, then, 
beginning with the simplest, are as follow ;— 


1. Protamines. 

2. Histones. 

3. Albumins. 

4. Globulins. 

5. Sclero-proteins. 


6. Phospho-proteins. 

7. Conjugated proteins. 

{a) Gluco-proteins. 
{b) Nucleo-proteins. 
{c) Chromo-proteins 


We shall take these classes one by one. 


1. The Protamines 

These substances are obtainable from the heads of the spermatozoa 
of certain fishes, where they occur in combination with nuclein. 
Kossel’s view' that they are the simplest proteins in nature has met 
with general acceptance, and they give such typical protein reactions 
as the copper sulphate test (Rose's or Piotrowski’s reaction). On hydro¬ 
lytic decomposition they first yield substances of smaller molecular 
weight analogous to the peptones which are protones, and then 

they split up into amino-acids. The number of resulting amino-acids is 
small as compared with other proteins ; hence the hypothesis that they 
are simple proteins is confirmed. Notable among%eir decomposition 
products are the diamino-acids or hexone bases, especially arginine. 
The protamines differ in their composition according to their source, 
and yield these products in different proportions. 
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Salmine (from the salmon roe) and clupeine (from the herring roe) 
appear to be identical, and have the empirical formula : 

its principal decomposition product is arginine, but small amounts of 
valine, serine, and proline are also found. Siurine (from the sturgeon) 
yields the same products with lysine and histidine in addition. With 
one exception, the protamines yield no aromatic amino-acids ; the 
exception is cyclopterhie (from Cyclopierus Iumpus) ; this substance is 
thus an important chemical link between the other protamines and 
the more complex members of the protein family. 

2. The Histones 

These are substances which have been separated from blood 
corpuscles ; globin^ the protein constituent of hsemoglobin, is a well- 
marked instance. They yield a larger number of amino compounds 
than do the protamines, but diamino-acids are still relatively abundant. 
They are coagulable by heat, soluble in dilute acids, and precipitable 
from such solutions by ammonia. The precipitability by ammonia is 
a property possessed by no other protein group. 

3. The Albumins 

These are typical proteins, and yield the majority of the cleavage 
produ(?ts enumerated on pp. 45 to 50. 

They enter into colloidal solution in water, in dilute saline solutions, 
and in saturated solutions of sodium chloride and magnesium sulphate. 
They are, however, precipitated by saturating their solutions with 
ammonium sulphate. Their solutions are coagulated by heat usually 
at 70-73° C. Serum-albumin, egg-albumin, and lact-albumin are 
instances. 

4. The Grlobulins 

The globulins give the same general tests as the albumins: they 
are coagulated by heat, but differ from the albumins mainly in their 
solubilities. This difference in solubility may be stated in tabular form 
as follows :— 


Reagent. 

Albumin. 

Globulin. 

W ater ....... 

soluble 

1 

insoluble 

Dilute saline solution. 

soluble 

soluble 

Saturated soludo% of magnesium sulphate 
or sodium chlor^e . . . . 

soluble 

insoluble 

Half-saturated solution of ammonium sul¬ 
phate . 

Saturated solution of ammonium sulphate . 

soluble 

insoluble 

insoluble 

insoluble 
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In general terms globulins are more readily salted out than albu¬ 
mins ; they may therefore be precipitated and thus separated from the 
albumins by saturation with such salts as sodium chloride, or, better, 
magnesium sulphate, or by half saturation with ammonium sulphate. 

The typical globulins are also insoluble in water, and so may be’ 
precipitated by removing the salt which keeps them in solution. This 
may be accomplished by dialysis (see p. 55). 

Their temperature of heat coagulation varies considerably. The 
following are the commoner globulins :—fibrinogen and serum globuhn 
in blood, egg-globulin in white of egg, para-myosinogen in muscle, and 
cr}^stallin in the crystalline lens. We must also include under the same 
heading certain proteins which are the result of enzyme coagulation 
on globulins such as fibrin (see Blood) and myosin (see Muscle). 

The most striking and real distinction between globulins and 
albumins is that the latter on hydrolysis yield no glycine, whereas 
the globulins do. 

5. The Sclero-proteins 

These substances form a heterogeneous group of substances, which 
were formerly termed albuminoids. The prefix sclero- indicates the 
skeletal origin and often insoluble nature of the members of the group. 
The principal proteins under this heading are the following :— 

1. Collagen, the substance of which the white fibres of connective 
tissue are composed. Some observers regard it as the anhydride of 
gelatin. 

2. Ossein.—This is the same substance derived from bone. 

In round numbers the solid matter in hone contains two-thirds 
inorganic or earthy matter, and one-third organic or animal matter. 
The inorganic constituents are calcium phosphate (84 per cent, of the 
ash), calcium carbonate (13 per cent.), and smaller quantities of calcium 
chloride, calcium fluoride, and magnesium phosphate. The organic 
constituents are ossein (this is the most abundant), elastin from the 
membranes lining the Haversian canals, lacunae, and canaHculi, and 
other proteins and nuclein from the bone corpuscles. There is also 
a small quantity of fat even after removal of all the marrow. Dentine 
is like bone chemically, but the proportion of earthy matter is rather 
^eater. Enamel is the hardest tissue in the body ; the mineral matter 
is like that found in bone and dentine; but the organic matter is so 
small in quantity as to be practically non-existent (Tomes). Enamel 
is epiblastic, not mesoblastic like bone and dentine. 

3. Grelatin.—This substance is produced by boiling collagen with 
water. It possesses the peculiar property of setting into a jeUy when 
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a solution made with hot water cools. On digestion it is like ordinary 
proteins converted into peptone-like substances and is readily absorbed. 
Though it will replace in diet a certain quantity of such proteins and 
thus acts as a “ protein sparing ” food, it cannot altogether take their 
place as a food. Animals whose sole nitrogenous food is gelatin waste 
rapidly. The reason for this is that gelatin contains neither the 
tyrosine nor the tryptophane radicals, and so it gives neither Millon’s 
nor the Adamkiewicz reaction. Animals which receive in their food 
gelatin to which tyrosine and tiyptophane are added thrive better. 

4. Chondrin. —This is the name given to the mixture of gelatin and 
mucoid which is obtained by boiling cartilage. 

5. Elastin. —This is the substance of which the yellow or elastic 
fibres of connective tissues are composed. It is a very insoluble material. 
The sarcolemma of muscular fibres and certain basement membranes 
are composed of a similar substance. 

6 . Keratin, or horny material, is the substance found in the surface 
layers of the epidermis, in hairs, nails, hoofs, and horns. It is very 
insoluble, and chiefly differs from most other proteins in its high 
percentage of the sulphur-containing amino-acid called cystine. A 
similar substance, called neurokeratiny is found in neuroglia and nen^e 
fibres. In this connection it is interesting to note that the epidermis 
and the nervous system are both formed from the same layer of the 
embryo—the ectoderm. 

6. The Phospho-proteins 

Vitellin (from egg-yoke), casetnogen, the principal protein of milk, 
and casein, the result of the action of rennet on caseinogen (see Milk), 
are the principal members of this group. Among their decomposition 
products is a considerable quantity of phosphoric acid. They were 
formerly confused with the nucleorproteins which we shall be 
studying immediately ; but they do not yield the products (purine and 
other bases) which are characteristic of nucleo-compounds. The 
phosphorus is contained within the protein molecules, and not in another 
molecular group united to the protein, as is the case for the nucleo- 
proteins. The phospho-proteins are of special value in the nutrition 
of young and embryonic animals. Many other proteins, such as the 
globulin of blood serum, contain traces of phosphorus, 

7. The Conjugated Proteins 

These very complex substances are compounds in which the protein 
molecule is united to other organic materials, which are, as a rule, also 
of complex nature. This second constituent of the compound is usually 
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termed a prosiketic group. They may be divided into the following 
sub-classes. 

i. Chromo-proteins.— These are compounds of proteins ^ with a 
pigmentj which usually contains iron. They are exemplified by 
hemoglobin and its allies, which will be fully considered under 
Blood. 

ii. Cluco-proteins.—These are compounds of protein with a carbo¬ 
hydrate group. This class includes the mucins and the mucoids. 

The mucins are widely distributed and may occur in epithelial cells, 
or be shed out by these cells (mucus, mucous glands, goblet cells). The 
mucins obtained from different sources vary in composition and re¬ 
actions, but they all agree in the following points :— 

(a) Physical character. Viscid and tenacious. 

\b) They are soluble in dilute alkalis, such as lime water, and are 
precipitable from solution by acetic acid. 

The mucoids generally resemble the mucins, but differ from them in 
minor details. The term is applied to the mucin-like substances which 
form the chief constituent of the ground substance of connective tissues 
(tendo-mucoid, chondro-mucoid, etc.). Another, ovo-mucoid, is found 
in white of egg, and others (pseudo-mucin and para-mucin) are occasion¬ 
ally found in dropsical effusions, and in the fluid of ovarian cysts. 

The differences between the mucins and mucoids are possibly due 
to the nature of the protein part of the molecule, and also to the nature 
of the conjugated sulphuric acids which they contain. Those from 
cartilage, tendon, and aorta furnish chondroitin sulphuric acid which 
on further hydrolysis 3 rields the amino-sugar chondrosamine. The 
mucoids from cornea, vitreous humor, gastric mucosa, serum mucoid, 
and ovo-mucoid on the other hand contain mucoitin sulphuric acid, 
which yields ^-glucosamine (chitosamine), another amino-sugar 
(CgHiiOgNHg), on hydrolysis. 

Pavy and others have shown that a small quantity of the same 
carbohydrate derivative can be split off from various other proteins 
which we have already placed among the albumins and globulins. It 
is, however, probable that this must not be considered a prosthetic 
group, but is more intimately united within the protein molecule. 

iii. jN’ucleo-proteins.—These are compounds^ of protein with a 
complex organic acid called nucleic acid which contains phosphorus. 
They are found both in the nuclei and cell-protoplasm of cells. In 
physical characters they often simulate mucin. 

^ Walter Jones in his recent monograph is doubtful if they axe really definite 
compounds. 
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Nuclein is the name given to the chief constituent of cell-nuclei. 
It is identical with the chromatin of histologists (see fig. 7). 

On decomposition it yields an organic acid called nucleic acid, 
together with a variable but usually small amount of protein. It 
contains a high percentage (10-11) of phosphorus. The nuclein 
obtained from the nuclei or heads of the spermatozoa consists of nucleic 
acid without any protein admixture. In fishes’ spermatozoa, however, 
there is an exception to this rule, for there it is, as we have already 
seen, united to protamine. 

The nucleo~;proteins of cell-protoplasm are compounds of nucleic 
acid with a much larger quantity of protein, so piat they usually 
contain only 1 per cent, or less of phosphorus. Some also contain 
iron, and it is probable that the normal supply of iron to the body is 
contained in the nucleo-proteins or Juematogens (Bunge) of plant or 
animal cells. 


Sru 



Fig. 7. —Diagram of a cell; protoplasm composed of spongioplasm 
and hyaloplasm ; «, nucleus with intranuclear network of chromatin 
or nuclein ; and n\ nucleolus (Schafer). 


Nucleo-proteins may be prepared from cellular structures such as 
thymus, testis, kidney, etc., by two principal methods :— 

1. Wooldridge^s Method, —The organ is minced and soaked in water 
for twenty-four hours. Dilute acetic acid added to the aqueous extract 
precipitates the nucleo-protein. 

2. Sodium Chloride Method. —The minced organ is ground up in a 
mortar with solid sodium chloride ; the resulting viscous mass is 
poured into excess of water, and the nucleo-protein rises in strings to 
the top of the water. 

The solvent usually employed for a nucleo-protein, by whichever 
method it is prepared, is a 1 per-cent, solution of sodium carbonate. " 
The relationship of nucleo-proteins to the coagulation of the blood is 
described under that heading. 

Nucleic acid yields, among its decomposition products, phosphoric 
acid, a carbohydrate, various bases of the purine group, and bases also 
of the pyrimidine group. The following diagrammatic way of repre- 
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senting the? decomposition of niicleo-protein will assist the student in 
rernemliering the relationships of these substances : 

Nucleo-protein 

subjected to gastric digestion yields 

Nuclein, which remains as an 
insoluble residue. If this is 
dissolved in alkali, and hydro¬ 
chloric acid added, it yields 


precipitate consisting of nucleic 
acid. If this is heated in a 
sealed tube with hydrochloric 
acid, it yields the following 

substances. 

! '.T ;'i .1.. 

Phosphoric acid. Carbohydrate. Purine bases. Pyrimidine 

bases. 

Recent research on the nucleic acids obtained from various 

inammaiian organs indicates that they fall into two main classes 

(1) Add Proper .—^This yields on decomposition— 

{d} Phcsphoric acid. 

P) A carbohydrate of the hexose group which has recently 
been shown in all probability to be glucal, viz.: 
CH 2 .OH.CH.CH 2 .CH.OH.C : CH.OH 


In nucleic acid from vegetable cells {e.g. from yeast) 
the sugar which takes its place is a pentose (<3f-ribose) 

(Levene). 

(r) Two members of the purine group in the same proportio n 
namely, adenine and guanine. 

(d) Two p 3 rrimidine bases, namely, C 5 rtosine and thymine. 
In yeast nucleic acid, uracil takes the place of thymine 
(see p. 50). 

The purine 3mes are specially interesting because of their dose 
relationship to uric add (which see, p. 200), They are all derivativeB 


Protein—converted into pep¬ 
tone, which goes into solution. 


i 

Protein—converted into acid 
meta-protein in solution. 
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of a ringed complex, named purine by Fischer, and their relationship 
to each other is best seen by their formulae :— 

Purine, C 5 H 4 N 4 

i Hypoxanthine (monoxy-purine), C 5 H 4 N 4 O 
Xanthine (dioxy-purine), 

Adenine (amino-purine), C 5 H 3 N 4 .NH 2 
Guanine (amino-oxy-purine), C 5 H 3 N 4 O.NH 2 
Uric acid (trioxy-purine), C 5 H 4 N 4 O 3 
The two bases obtained from nucleic acid are the two which contain 
the NHg group. If xanthine and hypoxanthine are obtained, they 
are the secondary effects of oxidative and de-aminising enzymes, 

( 2 ) Guanylic Acid ,—This is a simpler form of nucleic acid found 
in certain organs (pancreas, liver, etc.), mixed with the nucleic acid 
proper. It yields on decomposition only three substances, namely :— 

{a) Phosphoric acid. 

(^) A carbohydrate of the pentose group. 

(f) Guanine. 

From his work on the nucleic acid of yeast, Levene finds that it is 
composed of complexes consisting of phosphoric acid, carbohydrate 
(ribose), and a base. These are termed nucleotides. Guanylic acid, 
described above, is a mono-nucleotide, but the majority of nucleic 
acids are poly-nucleotides. When these are broken down by chemical 
reagents, the first change is the removal of the phosphoric acid, leaving 
intact the combinations of base and carbohydrate ; these latter com¬ 
binations are called nucleosides ; thus— 

Adenine + ribose == adenosine. 

Guanine 4- ribose = guanosine. 

These nucleosides may be further split into base and ribose ; or they 
may be de-aminised {i.e. the amino-group is removed) and nucleosides 
obtained in which hypoxanthine and xanthine are united with the 
ribose, and these in their turn may be split into base and ribose. 

The same cleavages are accomplished in the body by the action of 
tissue-enzymes contained in varying degrees in the different organs 
and tissues. As these enzymes are specific, the number which may 
come into successive play in the decompositions which occur in the body 
is very numerous. These enzymes are spoken of under the general 
term nucleases. 

Protem-hydroly^is 

When protein material is subjected to hydrolysis, as it is when 
heated with mineral acid, or superheated steam, or when acted upon 
by such enzymes as trypsin in the alimentary canal, it is finally resolved 
into the numerous amino-acids of which it is built. But before this 
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ultimate stage is reached, it is split into substances of progressively 
diminishing molecular size, which still retain many of the protein 
characters. These may be classified in order of formation as follows :— 

1 . Meta-proteins. 

2. Proteoses. 

3. Peptones, 

4. Polypeptides. 

5. Amino-acids. 

The polypeptides are linkages of two or more amino-acids as already 
explained. Although most of the polypeptides at present known are 
products of laboratory synthesis, some have been definitely separated 
from the digestion of proteins, and so they must appear in our classifi¬ 
cation. The proteoses, peptones, and some of the more complex poly¬ 
peptides give the biuret reaction ; the peptones, which are probably 
complex polypeptides, cannot be salted out of solution like the proteoses; 
their molecules are smaller than those of the proteoses. We shall study 
them more fully under Digestion. 

It is, however, convenient to add here a brief description of the 
meta-proteins, since some of the practical exercises at the head of this 
lesson deal with them. 

They are obtained as the first stage of hydrolysis by enzymes, and 
also by the action of dilute acids or alkalis on either albumins or 
globulins. The general properties of the acid and alkali meta-proteins 
which ai:e thereby formed are as follows :—they are insoluble in pure 
water, but are soluble in either acid or alkali and are precipitated 
by neutralisation unless certain disturbing influences such as sodium 
phosphate are present. They are precipitated, as globulins are, by 
saturation with such neutral salts as sodium chloride or magnesium 
sulphate. They are not coagulated by heat if in solution. In alkali 
meta-protein some of the sulphur in the original protein is removed. 

A variety of meta-protein (probably a compound containing a large 
quantity of alkali) may be formed by adding strong potash to undiluted 
white of egg. The resulting jelly is ^Lieberkiihn^s jelly. A 

similar jelly is obtainable by adding strong acetic acid to undiluted 
egg-white. 

The word “ albuminate ” is used for compounds of protein with 
mineral substances. Thus if a solution of copper sulphate is added to 
a solution of albumin a precipitate of copper albuminate is formed. 
Similarly, by the addition of other salts of the' heavy metals, other 
metallic albuminates are obtainable. The halogens (chlorine, bromine, 
iodine) also form albuminates in this sense, and may be used for the 
precipitation of proteins. 
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It should be noted, in conclusion, that the foregoing classification 
of proteins is mainly applicable to those of animal origin. The 
vegetable proteins may roughly be arranged under the same main 
headings, although it is doubtful if a real and complete analogy exists 
in all cases. The cleavage products of the vegetable proteins are in 
the main the same as those of the animal proteins, but the quantity 
of each yielded is usually different. Many vegetable proteins, for 
instance, give a very much higher yield of glutamic acid than do those 
of animal origin. 

There are also certain vegetable proteins, such as gliadin from the 
gluten of wheat, hordein from barley, and zein from maize, which stand 
apart from all other members of the group in being soluble in alcohol. 

The vegetable proteins which have been mainly studied are those 
contained in the seeds of plants. They may provisionally be grouped 
into four main classes :— 

1. Albumins, such as leucosin in wheat. 

2 . Globulins, such as edestin of hemp and other seeds ; most of 
these are readily crystallisable. 

3. Glutelins. These are insoluble in water and saline solutions, 
and are soluble only in dilute alkali. They are probably not very 
strongly marked off from the globulins, since it has been shown that 
the solubility of globulins in dilute saline solutions is also due to a 
trace of alkali. The best example of this third class is the glutenin 
of wheat gluten. 

4. Gliadins ; the proteins soluble in alcohol just alluded to. They 
are characterised also by the absence of lysine among their cleavage 
products, and usually yield a very high percentage of glutamic acid 
on decomposition. The gluten of wheat flour, which is formed when 
water is added to it, has been shown to consist of two proteins—one 
(gliadin) soluble in alcohol, the other (glutenin) soluble in alkali. It 
is to the former that the gluten of dough owes its cohesiveness ; and 
grains such as rice, which contain no gliadin, cannot in consequence 
be employed for making bread. 


LESSON VI 


FOODS 

A» MUiK.—!. Emalae & drop of milk "witli tlie microscope. 

2* Ifote lie Incite grarnty* of fredi milk vitli the lactometer ; com- 
tMi nia as si^Me pairity of milk from i^rMch the cream has 
wmoiM milk). Tke specific gravity of skimmed milk 

is Mgiisf owiig to remold of the lights! constituent—the cream. 

3. The r^tloa of miH: is neutral or slightly alkaline to litmus. 

4. Wwm some milk in a test-tnhe to the temperature of the tody, 

wM a few of mm&t After standing a mri is formed ficom 

^ » 1 ¥iikIoi {£ enmim^jeTi^ tk© dnef protein in milk, into caseiTi. The 
CMtia Sie fkt The Htnid resadne is termed whey- 

Mo cio^ii* is pMme«i if Mlb ramet solution is previously toiled, 

hMt dwtroj^ rennet m it do^ aH enzymes. 

5. Tmto mne atHk to which 0“2 per cent, of potassium oxalate has 

; ir«rm to 4§* 0. and add rennet. Mo curdling takes place 
bemmsi tte oaalate Im p«3pitoteii the calcium salts which are 

Take a »coii s^dmen of oxalated milk and add a few drops of 
2 pr-cent, solution of c^m (Monde, and Ihen rennet ; curdling ol 
if ^ mixtere is kept warm in the usual way. 

S. To mo-iiir p^^feion of warm milk (Muted with water add a few 
drop if 20 ^-c«nt. acetic Mid. A lumpy precipitate of caseinogen 
'tte M m fomed. 

I. mtm off tM» predptato, and in ilhrate tmt for ladose or 
miik-miffftr ty Tehlng’s solution (see I^M>n HI); for lad-alhimm by 
tofliag, ©r fey Mllcm’s reagmi fsee I^esson T). 

I. J%mj^hat 0 s may be detectirf in the same filtrate in the follow- 
im way j add nitric aciA feofl and filter; warm the filtrate with 
taaoaiija mG^bdmt© ; a ycllow^ crystalline precipitate of ammonium 
ph^^o-molyMate is form^ Emft% (Le. ph<»phat^ of Ca and Mg) 
Mm p«ipitaM© in the or^mal filiante ly the additiou of 

lOMioiiia. 

9. Fat {imtter) may be attracted fnm the precipitate obtained in 6 
hy sbaMnf it with ether ; on emporatiott of the ethereal extract the 
Mt k loft feeMnd, forming a g rMsy stain on paper. The presence of fat 

m 
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may also be demonstrated hy tlie black colour produced by tke addition 
of osmic acid to tbe milk. 

10. Shake up a little milk 'witi twice its volume of ether; the 
opacity of the milk remains nearly as great as before. Eepeat this, 
tut first add to the milk a few drops of caustic alkali before adding 
fche ether and then shake. TTie milk which lies beneath the ethereal 
solution of fat becomes translucent. As a matter of fact ether dissolves 
the fat without the addition of alkali, and the opacity of milk is there¬ 
fore not due to the fat globules alone, but largely to their protein 
envelopes. The clearing which takes place when ether and alkali are 
added is due to an action of the reagents on the caseinogen. 

11. Gaseinoyen, like globulin, is precipitated bysaturating milk with 
sodium chloride or magnesium sulphate, and by half saturation with 
ammonium sulphate, but differs from the globulins in not being 
coagulated by heat. The precipitate produced hy saturation with 
salt floats to the surface with the entangled fat, and the clear salted 
whey is seen below after an hour or two 

B. FLOHE.—Mix some wheat flour with a little water into a stiff 

dough. Wrap this up in a piece of muslin and knead it under a tap 
or in a dish of water. The starch grains come through the holes 
in the muslin (identify by iodine test), and an elastic sticky mass 
remains behind. This is a protein called Susi^nd a fragment 

of gluten in water; add nitric acid and boil; it turns yellow; cool and 
add ammonia; it tnms orange (xanthoproteic reaction). Boil another 
fragment with hdiUon’s reagent; it turns a brick-red colour. 

C. BREAD contains the same constituents as flour, except that 
some of the starch has been converted into dextrin and glucose 
during baking (most flours, however, contain a small quantity of 
sugar). Extract breadcrust with cold water, and test the extract 
for dextrin (iodine test) and for glucose (Trommer’s or Tehling’s 
test). If hot water is used, starch also passes into solution. 

D. MEAT.—This is our main source of protein food. Cut up some 
lean meat into filne shreds and grind these up with salt soluMon. 
Filter and test for proteins. 
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THE PEmCIPAL FOOD STUFFS 


We can now proceed to apply the knowledge we have obtained of 
the proteins, carbohydrates, and fats to the investigation of some - 
important foods. The chief chemical substances in food are :— 


1. Proteins 

2. Carbohydrates 

3. Fats 

4. Water 

5. Salts 


organic. 


inorganic. 


In milk and in eggs, which form the exclusive foods of young 
animals, all varieties of these principles are present in suitable propor¬ 
tions. Hence they are spoken of as perfect foods. Eggs, though a 
perfect food for the developing bird, contain too little cai'bohydrate 
for a mammal. In most vegetable foods carbohydrates are in excess, 
while in animal foods, such as meat, the proteins are predominant. 
In a suitable diet these should be mixed in proper proportions, which 
vary for herbivorous and carnivorous animals. We must, however, 
limit ourselves to the omnivorous animal, man. 

A healthy and suitable diet must possess the following characters:— 

L It must contain the proper amount and proportion of the various 
chemical substances. 

2. It must be adapted to the climate, to the age of the individual, 
and to the amount of work done by him. 

3. The food must contain, not only the necessary amount of 
chemical substances, but these must be present in a digestible form. 
As an instance of this, many vegetables (peas, beans, lentils) contain 
even more protein than beef and mutton, but are not so nutritious, as 
they are less digestible, much passing off in the faeces unused. 

The nutritive value of a diet depends mainly on the amount of 
carbon and nitrogen it contains in a really digestible form. A man 
doing a moderate amount of work, and taking an ordinary diet, will 
eliminate, chiefty from the lungs in the form of carbonic acid, from 
250 to 280 grammes of carbon per diem. During the same time he will 
eliminate, chiefly in the form of urea in the urine, about 15 to 18 
grammes of nitrogen. These substances are derived from the food, and 
from the metabolism of the tissues ; various forms of energy, work and 
heat being the chief, are simultana>usly liberated. During muscular 
exercise the output of carbon greatly increases ; the increased excretion 
of nitrogen is insignificant. Taking, then, the state of moderate 
exercise, it is necessary that the waste of the tissues should be replaced 
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by fresh material in the form of food; and the proportion of carbon to 
nitrogen should be the same as in the excretions: 250 to 15, or 16-6 
to 1. The proportion of carbon to nitrogen in protein is, however, 
53 to 15, or 0*5 to 1. The extra supply of carbon comes from non- 
nitrogenous foods— viz. fat and carbohydrate. 

Voit gives the following daily diet;— 

Protein 120 grammes. 

Fat 100 

Carbohydrate S33 „ 

Ranke’s diet closely resembles Voit’s; it is— 

Protein 100 grammes. 

Fat 100 

Carbohydrate 250 „ 

In preparing diet tables, such adequate diets as those just given 
should be borne in mind. The following peace-time dietary (from 
C. N. Stewart) will be seen to he rather more liberal, but may be taken 
as fairly typical of what is usually consumed by an adult man in the 
twenty-four hours, doing an ordinary amount of work. 


i 





Gramirtes of 



1 Food-stufi. 

Quantity. 

Nitro¬ 

gen. 

Car- j 
bon. j 

1 

Pro¬ 

teins. 

Fats. 

Carbo¬ 

hydrates. 

Salts. 

1 Lean meat 

Metric System. ! 
250 grammes , 

English 

System. 

9 oz. 

8 

! 

33 I 

55 

8-5 

0 

4 

Ikead 

500 

18 ,, 

6 

! 112 

40 

7*5 

245 

, 0*5 I 

! Milk 

500 

£j>mt 

3 

: 35 I 


20 

25 

3-5 

Butter 

so „ 1 

1 02. 

0 

1 20 1 

0 

27 

0 

0*5 

' Fat with meat. 

30 „ 1 

1 ,, 

0 

22 ^ 

0 

I 30 

0 

i 0 

Potatoes . 

I Oatmeal . 

450 

16 „ 

1-5 

I 47 1 

10 

0 

95 

4'5 

75 „ 

3 ,, 

1-7 

! 

10 

4 

48 

2 

i 



20-2 : 

1 i 

•299 j 

135 

97 

413 

21 


For a certain time (as during rationing due to war conditions) a 
man will maintain his health on a scantier diet. ^ In the necessity for 
such precautions the workers must be given their proper supply of 
energy-producing food (fat and carbohydrate). Long before the war 
Chittenden urged that the normal diet should contain only about 
half the customary quantity of protein, and our recent experience 
has shown that a Chittenden diet can be kept up for a long time. 
The body certainly does not assimilate the larger amount usually taken, 
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for the greater part of the nitrogenous constituents is converted into 
amino-acids, which are rapidly transformed by the liver into urea and 
cast out of the body, leaving the non-nitrogenous remainder to be 
utilised in the same way as fats and carbohydrates are, for the produc¬ 
tion of heat and energy^. Chittenden's views will, however, bring home 
to many people that temperance is necessary in food as well as in drink. 
The majority of well-to-do people certainly eat an excess of meat, and so 
throw an unnecessary strain upon their digestive and excretory organs.- 
One should hesitate, however, in accepting Chittenden's conclusions to 
the full, for it is doubtful if the minimum is also the opimum diet. 
It may be that there is a real need for an excess of protein beyond the 
apparent minimum. In diamond mining a large quantity of earth 
must be crushed to obtain the precious stones. It may be that among 
the many cleavage products of protein the majority may be compared 
to this waste earth, and we get rid of them as quickly as possible in the 
excretions, but some few (such as tyrosine and tryptophane) are 
unusually precious for protein synthesis or metabolic processes in the 
body, and that, in order to get an adequate supply of these, a 
comparatively large amount of protein must be ingested. 

Recent research has shown that there is something else in an 
adequate diet which is necessary, especially during the time of growth, 
lliese unknown constituents (vitamins) will be discussed in the 
concluding section of this chapter. 

MILK 

Millc is often spoken of as a ‘‘perfect food," and it is so for infants. 
For those who are older it is so voluminous that unpleasantly large 
quantities of it would have to be taken in the course of the day to 
ensure the proper supply of nitrogen and carbon. Moreover, for adults 
it is relatively too rich in protein and fat. It also contains too little 
iron (Bunge) ; hence children weaned late become anaemic. 

The microscope reveals that it consists of two parts : a clear fluid and 
a number of minute particles that float in it. These consist of minute 
fat globules, varying in diameter from 0*0015 to 0*005 millimetre. 

The milk secreted during the first few days of lactation is called 
idmtrum. It contains very little caseinogen, but large quantities of 
globulin instead. Microscopically, cells from the acini of the mammary 
glaiMi are seen, which contain fat globules in their interior: they are 
call^ colostrum corpuscles. 

a^od Gravity.—^The reaction of fresh cow's milk 

and of human milk is amphoteric towards litmus. This is due to the 
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presence of both acid and alkaline salts ; the latter are usually in excess. 
Milk readily turns acid or sour as the result of fermentative change, 
part of its lactose being transformed into lactic acid (see p. 27). The 
specific gravity of milk is usually ascertained with the hydrometer. 
That of normal cow’s milk varies from 1028 to 1034. When the milk 
is skimmed the specific gravity rises, owing to the removal of the 
light constituent, the fat, to 1033-1038. In all cases the specific 



Fig. 8.—Microscopic appearance of milk in the 
early stage of lactation, showing colostrum 
corpuscles (a) in addition to fat globules. (Yeo.) 



Fii;. 9.— a, i>, colostrum 
corpuscles with fine and 
coarse fat globules re¬ 
spectively; c, dy e, pale 
cells devoid of fat. 
(Heidenhain.) 


gravity of water, with which other substances are compared, is taken 
as 1000, 

Composition. —Bunge gives the following table, contrasting the 
milk of woman and cow :— 



Woman. 

Cow. 


Per cent. 

1 

Per cent. 

Proteins (chiefly caseinogen). . i 

1-7 

3-5 

Butter (fat) ..... 

3-4 

3’7 

Lactose ..... 

6-2 

; 4-9 ; 

Salts. 

0-2 

; 0-7 : 


Hence, in feeding infants on cow’s milk, it will be necessary to dilute 
it, and add sugar and a little cream to make it approximately equal to 
natural human milk. 

The Proteins of Milk.~The principal protein in milk is called 
cmeinogen : this is the one which is coagulated by rennet to form casern. 
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Cheese consists of casein with the entangled fat. The other proteins in 
milk, present in small amounts, are laci-albunitn^ laefo-globulin^ and 
traces of a protein which is soluble in alcohol. Lacto-globulin closely 
resembles serum-globulin, but lact-albumin differs from serum-albumin 
in percentage composition, specific rotation, coagulation temperature, 
etc. It has been obtained in the crystalline condition. 

The Coa^ulatioii or Curdling of Milk.—Rennet is the agent 
usually employed for this purpose ; it is an enzyme secreted by the 
stomach, especially by sucking animals, and is generally obtained 
from the calf. 

The curd consists of the casein and entangled fat : the liquid 
residue called whey contains the sugar, salts, and the other proteins of 

the milk. 

Caseinogen itself may be precipitated by acids such as acetic 
acid, or by saturation wdth neutral salts. This, however, is not 
coagulation, but precipitation. The precipitate may be collected 
and dissolved in lime vrater; the addition of rennet then produces 
coagulation in this solution, provided that a sufficient amount of 
calcium salts is present. 

In milk also rennet produces coagulation, provided a sufficient 
amount of calcium salts is present. If the calcium salts are precipi¬ 
tated by the addition of potassium oxalate, rennet causes no formation 
of casein. The process of curdling in milk is a double one; the 
first action due to rennet is to produce a change in caseinogen; the 
second action is that of the calcium salt, which precipitates the altered 
caseinogen as casein. In blood also calcium salts are necessary for 
e»agulation, but they probably act in a different way in the two cases. 
In both phenomena the prevailing tendency of modern views is to 
regard the change as a physical rather than a chemical one. • 

Caseinogen is not coagulable by heat. We have already classed it 
with vitellin as a phospho-protein (see p. 61). 

Caseinogen, as was originally pointed out by Hammarsten, is a 
protein wdth acid properties : it is quite insoluble in water, but it forms 
soluble salts with such metallic bases as potassium, sodium, and calcium. 
The caseinogen as it exists in milk is combined with calcium as calcium 
caseinogenate. When acetic acid is added to milk, we therefore get 
calcium acetate, and a precipitate of free caseinogen. On “ dissolv¬ 
ing this caseinogen in an alkali such as soda or potash, we have the 
formation of sodium caseinogenate or potassium caseinogenate, as the 
case may be. The precipitate obtained in milk by the addition of 
alcohol, or by '' salting out,” is not free caseinogen, but calcium 
caseinogenate. When we add potassium oxalate to milk, we get 
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the reaction represented in the following equation Caicmni case- 
inogenate -f potassium oxalate = calcium o,xalate + potassium caseino-' 
genate. When we add calcium chloride to oxalated milk, the following 
equation represents what occurs :—Potassium caseinogenate-f calcium 
chloride = calcium caseinogenate + potassium chloride. 

Calcium caseinogenate forms an opalescent or colloidal solution in 
water and reacts with the rennet. The caseinogenates of magnesium, 
barium, and strontium have similar characters. The caseinogenates 
of potassium, sodium, and ammonium differ from the above by form¬ 
ing a nearly clear solution in water, and they do not react with the 
rennet (W. A. Osborne). 

The Fats of Milk.—The chemical composition of the fat of iiiilh 
(butter) is ver 7 like that of adipose tissue. It consists chiefly of 
palmitin, stearin, and olein. There are, however, smaller quantities of 
fats derived from fatty acids lower in the series, especially butyrin and 
caproin. The old statement that each fat globule is surrounded hy a 
film of protein is, according to Tamsden’s work, correct. Milk also 
contains small quantities of lipoids, namely, phosphatides and choles¬ 
terol ; and a yellow fatty pigment or lipochrome (see p. 40). 

Milk Sugar or Lactose.—This is a disaccharide ( 03 ^ 2 ^ 22 ^ 11 )- Its 
properties have already been described in Lesson III, p. 27. 

Souring of Milk.—When milk is allowed to stand, the chief change 
which it is apt to undergo is a conversion of a part of its lactose into 
lactic acid. This is due to the action of micro-organisms, and vrould 
not occur if the milk were contained in cold sterilised vessels. Equa¬ 
tions showing the change produced are given on p. 27. When souring 
occurs, the acid which is formed precipitates a portion of the caseinogeii. 
This must not be confounded with the formation of casein from casein- 
ogen which is produced by rennet. There are, however, some bacterial 
growths which like rennet produce true coagulation. 

Alcoholic Fermentafciaii in Milk. —When yeast is added to milk, 
the sugar does not readily undergo the alcoholic fermentation. Other 
somewhat similar fungoid growths are, however, able to produce the 
change, as in the preparation of koumiss ; the milk sugar is first in¬ 
verted, that is, glucose and galactose are formed from it (see p. 27), and 
it is from these sugars that alcohol and carbonic acid originate. 

The Salts of Milk.—The principal salt is calcium phosphate; a 
small quantity of magnesium phosphate is also present. The other 
salts are chiefly chlorides of sodium and potassium. 

Differences between different Milks .—It is an undoubted fact 
that the milk provided by nature for the growing offspring is different 
in the various classes of the animal kingdom. The quantitative 
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variations are often enormous, and it has been shown that the milk best 
adapted for the nutrition of the young animal is that which comes from 
its mother, or, at least, from an animal of the same species. The 
practical application of this rule comes home most to us when dealing 
with the feeding of children, and it is universally acknowledged that, 
after all, cows’ milk is but a poor substitute for human milk. Cows’ 
milk is, of course, diluted, and sugar and cream added, so as to make it 
quantitatively like mother’s milk, but even then the question arises 
whether the essential difference between the two kinds of milk is not 
deeper than one of mere quantity ; and, in particular, the pendulum of 
scientific opinion has swung backwards and forwards in relation to the 
question whether the principal protein, called caseinogen in both, is 
really identical in the two cases. The caseinogen of human milk 
curdles in small flocculi in the stomach, so contrasting with the heavy 
curd which cows’ milk forms ; and even although the curdling of cows’ 
milk be made to occur in smaller fragments by mixing the milk with 
barley water or lime water, its digestion proceeds with comparative 
slowness in the child’s alimentary canal. These are practical points 
well known to every clinical observer, and in the past they have been 
attributed, not so much to fundamental differences in the caseinogen 
itself, as to accidental concomitant factors ; the excess of citric acid in 
human milk, for instance, or its paucity in calcium salts, having been 
held responsible for the differences observed in the physical condition 
of the curd and in its digestibility. 

This question is far from settled even to-day, but there are some 
data now available that point to a qualitative difference between 
caseinogens. Some of these depend on the application of the “ bio¬ 
logical test ” carried out on the line of immunity experiments, which has 
been so signally successful in the distinction between the blood-proteins 
of different species of animals (see Lesson IX). The differences, how¬ 
ever, which lead to the formation of specific precipitins are so slight, 
that ordinary chemical methods of analysis are, at present, unable to 
reveal them. But, in the case of milk, there are differences which the 
chemist can detect. One cannot lay much stress on mere percentage 
composition, although differences have been noted in that, because we 
have no guarantee that the proteins investigated were separated from 
all impurities ; there are also differences in the percentage of amino- 
acids obtained after hydrolysis, but the present methods of estimating 
these with accuracy leave much to be desired. A deeper chemical 
distinction noted is contained in the work of Bienenfeld, who found 
that human caseinogen contains a carbohydrate complex which is 
absent from that of the cow. 
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A few years ago it was stated that human caseinogen vill not 
curdle with rennet ; but this has been shown to be a mistake. The 
conditions of rennet curdling are somewhat different in the two kinds 
of milk we are considering, but provided the reaction in the stomach 
is acid, human milk is curdled by rennet when acted on by gastric 
juice. 

mas 

In this country the eggs of hens and ducks are those particularly 
selected as foods. The s-IielJ is made of calcareous matter, especially 
calcium carbonate. The white is composed of a richly albuminous 
fluid enclosed in a network of firmer and more fibrous material. The 
amount of solids is 13-3 per cent. : of this 12-2 is protein in nature. 
The proteins are albumin, with smaller quantities of egg-globulin and 
ovo-mucoid (p. 62). The remainder is made up of sugar (Cto per cent.), 
traces of fats, lecithin (and other phosphatides) and cholesterol, and 
0*6 per cent, of inorganic salts, ^heyalk is rich in food materials for 
the development of the future embryo. In it there are two varieties 
of yolk-spherules, one kind yellow and opaque (due to admixture with 
fat and a yellow lipochrome, see p. 40), and the other smaller, trans¬ 
parent and almost colourless : these are protein in nature, consisting of 
the phosphoprotein called viiellin (p. 61). Lecithin, kephalin, choles¬ 
terol, small quantities of sugar, and inorganic salts are also present. 

The nutritive value of eggs is high, as they are so readily digestible ; 
but the more an egg is cooked the more insoluble do its protein 
constituents become. 


MEAT 

This is composed of the muscular and connective (including adipose) 
tissues of certain animals. The flesh of some animals is not eaten ; 
in some cases this is a matter of fashion; some flesh, like that of the 
carnivora, is stated to have an unpleasant taste; and in other cases 
{e.g. the horse) it is more lucrative to use the animal as a beast of 
burden. 

Meat is the most concentrated and most easily assimilable of 
nitrogenous foods. It is our chief source of nitrogen. Its chief solid 
constituent is protein, and the principal protein is myosin. In addition 
to the extractives and salts contained in muscle, there is always a certain 
percentage of fat, even though all visible adipose tissue is dissected off. 
The fat-cells are placed between the muscular fibres, and the amount 
of fat so situated varies in different animals. It is particularly 
abundant in pork; hence the indigestibility of this form of flesh; the fat 
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prevents the gastric juice from obtaining ready access to the muscular 
fibres. 

The following table gives the chief substances in some of the 
principal meats used as food :— 


Constituents. 


Ox. 

Calf. 

Pig. 

Horse. 

Fowl. 

Pike. 

Water .... 


76-7 

75-6 

72-6 

74-3 

70*8 

79*3 

Solids .... 


23*3 

24*4 

27*4 

25*7 

29*2 

20*7 

Proteins, including gelatin 


1 20*0 

19*4 

19-9 

21-6 

22*7 

18*3 

Fat. . . \ 


1-5 

2-9 

6*2 

2-5 

4*1 

0*7 

Carbohydrate . 


0-6 

0-8 

0*6 

: 0*6 

1*3 

0*9 

Salts .... 


1*2 

1-3 

. 1*1 

10 

1*1 

0*8 


The large percentage of water in meat should be particularly noted ; 
if a man wished to take his daily quantity of 100 grammes of protein 
entirely in the form of meat, it would be necessary for him to consume 
about 500 grammes {/.e. a little more than 1 lb.) of meat per diem. 

FLOUR 

The best wheat flour is made from the interior of wheat grains, 
and contains the greater proportion of the starch of the grain and 
most of the protein. Whole flour is made from the whole grain minus 
the husk, and thus contains, not only the white interior, but also the 
germ ’’ or embryo plant, and the harder and browner outer portion 
of the grain. This outer region contains a somewhat larger proportion 
of the proteins of the grain. Whole flour contains 1 to 2 per cent, 
more protein than the best white flour, but it has the disadvantage of 
being less readily digested (see also Vitamins, p. 82). Brown flour 
contains a certain amount of bran in addition ; it is still less digestible, 
but is useful as a mild laxative, the insoluble cellulose mechanically 
irritating the intestinal canal as it passes along. 

The best flour contains very little sugar. The presence of sugar 
indicates that germination has commenced in the grains. In the 
manufacture of malt from barley this is purposely allowed to go on. 

When mixed with water, wheat flour forms a sticky adhesive mass 
called dough. This is due to the formation of gluten, and the forms 
of grain poor*in gluten cannot be made into dough (oats, rice, etc.). 
Gluten does not exist in the flour as such, but is formed on the addition 
of water from the pre-existing soluble proteins in the flour. It is a 
mixture of the two proteins gliadin and glutenin (see p. 67). 
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The following table contrasts the composition of some of the more 

important vegetable foods :— 


, Constituents. 

Wheat. 

Barley. 

Oats. 

Rke. 

Ixntiis. 

r®tas. 


Water . 

13*6 

13-8 

12-4 

i:pi 

12-0 

14-8 

7611 

! Protein . 

12*4 

11*1 

10-4 

711 

24-8 

23-7 


1 Fat . 

1*4 ' 

2-2 

i 5-2 

o-s 

1-9 

Iti 

ii-2 

1 Starch 

> 67 ! 

64-9 

1 57-K 

' 76*5 

54-8 

49*3 


i Cellulose . , . 1 

1 2-5 ' 

0-3 

i 11-2 

6*6 

3-6 

7-5 

il-7 

Mineral salts 

i l-g 

2-7 

i 3*0 

li) 

2*4 

:ii 

Ml 


We see from this table—- 

1. The great quantity of starch always present. 

2. The small quantity of fat ; that bread is ge^nerally eaten with 
butter is a popular recognition of this fact. 

Protein, except in potatoes, is pretty abundant, and especially so 
in the pulses (lentils, peas, etc,). The protein in the pulses is not 
gluten, but consists mainly of globulins. 

In the mineral matters of vegetables, salts of potassium and 
magnesium are, as a rule, more abundant than those of scdium and 
calcium. 

BREAD 

Bread, is made by cooking the dough of wheat flour mixed with 
yeast, salt, and flavouring materials. An enzyme in the flour acts at 
the commencement of the process when the temperature is kept a 
little over that of the body, and forms dextrin and sugar from the 
starch, and then the alcoholic fermentation, due to the action of the 
yeast, begins. The bubbles of carbonic acid, burrowing passages 
through the bread, make it light and spongy. This enables the 
digestive juices subsequently to soak into it readily and affect all parts 
of it. During baking the gas and alcohol are expelled from the bread, 
the yeast is killed, and a crust forms from the drying of the outer 
portions of the loaf. 

White bread contains, in a hundred parts, 7 to 10 of protein, 55 of 
carbohydrate, 1 of fat, 2 of salts, and the rest water. 

COaKHTG OF FOOD 

The cooking of foods is a development of civilisation, and much 
relating to this subject is a matter of education and taste rather than 
of physiological necessity. Cooking, however, sen’es many useful 
ends ;— 
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1. It destroys all parasites and danger of infection. This relates 
not only to bacterial growths, but also to larger parasites, such as 
tapeworms and trichinae. 

2. In the case of vegetable foods it breaks up the starch grains, 
bursting the cellulose and allowing the digestive juices to come into 
contact with the starch proper. 

3. In the case of animal foods it converts the insoluble collagen 
of the universally distributed connective tissues into the soluble 
gelatin. The loosening of the fibres is assisted by the formation of 
steam between them. By thus loosening the binding material, the 
more important elements of the food, such as muscular fibres, are 
rendered accessible to the gastric and other juices. Meat before it is 
cooked is generally kept a certain length of time to allow rigor mortis 
to pass off. 

Of the two chief methods of cooking, roasting and boiling, the 
former is the more economical, as by its means the meat is first sur¬ 
rounded with a coat of coagulated protein on its exterior, which keeps 
in the juices to a great extent, letting little else escape but the dripping 
(fat). Whereas in boiling, unless bouillon and bouilli are used, there is 
considerable waste. Cooking, especially boiling, renders the proteins 
more insoluble than they are in the raw state, but this is counter¬ 
balanced by the other advantages that cooking possesses. 

Beef Tea. —In making beef tea and similar extracts of meat it 
is necessary that the meat should be placed in cold water, and this 
is gradually and carefully warmed. In cooking a joint it is usual to 
put the meat into boiling water at once, so that the outer part is 
coagulated, and the loss of material minimised. 

An extremely important point in this connection is that beef tea 
and similar meat extracts should not be regarded as important foods. 
They are valuable as pleasant stimulating drinks for invalids, but they 
contain very little of the nutritive material of the meat, their chief 
constituents, next to water, being the salts and extractives (creatine, 
hypoxanthine, lactic acid, etc.) of flesh. 

Many invalids restricted to a liquid diet get tired of milk, and 
imagine that they get sufficient nutriment by taking beef tea instead. 
It is very important that this erroneous idea should be corrected. One 
of the greatest difficulties that a physician has to deal with in these 
cases is the distaste which many adults evince for milk. It is essential 
that this should be obviated as far as possible by preparing the milk in 
different ways to avoid monotony. Some can take koumiss ; but a less 
expensive variation may be introduced in the shape of junkets, which, 
although well known in the West of England, are comparatively un- 
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known in other parts. The preparation of a junket consists of adding 
to warrn milk in a bowl or dish a small quantity of rennet (Clark's 
essence is yery good for this purpose) and flavouring material according 
to taste. The mixture is then put aside, and in a short time the milk 
sets into a jelly (coagulation of casein), w^hich may then be served with 
or without cream. 

Soup contains the extractives of meat, a small proportion of the 
proteins, and the principal part of the gelatin. The gelatin is usually 
increased by adding bones and fibrous tissue to the stock. It is the 
presence of this substance which causes the soup when cold to gelatinise. 

ADJUNCTS TO TOOD 

Among these must be placed aiwhoi^ the value of which within 
moderate limits is not as a food, but as a stimulant ; fondimenis 
(mustard, pepper, ginger, curry powder, etc.), which are stomachic 
stimulants, the abuse of which is followed by dyspeptic troubles ; and 
coffee^ co^oa^ and similar drinks. These are stimulants chieflv to 
the nervous system : tea, coffee, mate (Paraguay)., guarana (Brazil), 
cola nut (Central Africa), bush tea (South Africa), and a few other 
plants used in various countries all owe their chief property to an 
alkaloid called fheine or caffeine (C 3 H 1 QN 4 O 2 ); ccx'oa to the closely 
related alkaloid, theobromine (C 7 HgN 402 ) ; coca to cocaine. These 
alkaloids are all poisonous, and used in excess, even in the form of 
infusions of tea and coffee, produce over-excitement, loss of digestive 
power, and other disorders well known to physicians. Coffee differs 
from tea in being rich in aromatic matters ; tea contains a bitter 
principle, tannin. To avoid the injurious solution of too much tannin, 
tea should only be allowed to infuse (draw) for a few minutes. Cocoa 
is not only a stimulant, but contains more fo<xi-stuffs ; it contains 
about 50 per cent, of fat and 12 per cent, of protein. In cocoa, as 
manufactured for the market, the amount of fat is reduced to 
SO per cent., and the amount of protein rises proportionately to about 
20 per cent. 

Green vegetables are taken as a palatable adjunct to other foods 
rather than for their nutritive properties. Their potassium salts are, 
however, abundant. Cabbage, turnips, and asparagus contain 80 to 
i)2 water, 1 to 2 protein, 2 to 4 carbohydrates, and 1 to T5 cellulose 
per cent. Tbe small amount of nutriment in most green fcK>ds accounts 
for the large meals made by and the vast capacity of the alimentary 
canal of herbivorous animals. (See also Vitamins, next page.) 
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VITAMINS 

If an animal is fed upon a mixture of pure protein, fat, and carbo¬ 
hydrate, with a due admixture of salts and water, it does not thrive, 
but shows evidence of malnutrition, although the quantities given may 
be theoretically correct. If a growing animal is fed on such a diet it 
ceases to grow. But if, as Hopkins showed originally, a small amount 
of a natural food, such as milk, is mixed with the artificial diet just 
referred to, the animals thrive and grow' normally. There is something 
extra, something which is at present unknown, which is absolutely 
essential, and quite small amounts of it are usually sufficient. 

If the unknown constituents are absent from a man’s diet, he 
undergoes just the same sort of malady, and illnesses so produced, 
such as scur\’y, rickets, and Beri-beri, are termed “ Deficiency 
diseases.” 

A great deal of work is going on now in relation to these diseases ; 
we may take Beri-beri as an example. This was prevalent among the 
natives of Japan wffien their staple article of diet was polished rice, 
that is, rice grains deprived of their external layer. This disease is 
characterised by general malnutrition and neuritis or inflammation 
of the nerves followed by nerve-degeneration and paralysis. It can 
also be produced in birds by feeding them on polished rice ; and in 
both man and bird can be rapidly cured by adding the polishings of 
the rice grains. The germ or embryo contained in the outer layer 
of the grain contains the extra something, and it is to this substance 
that the term vitamin or accessory food substance has been applied. 
At present its chemical composition is unknown. 

Vitamin is not confined to rice grains, but is found in many other 
vegetable and animal foods. The value of wffiole meal bread, for 
example, does not depend on the small extra amount of protein it 
contains, but here also upon a vitamin. The amount of vitamin 
varies considerably. Thus, in pigeons fed upon polished rice, as much 
as 20 grammes of meat daily must be added to prevent the occurrence 
of Beri-beri; whereas 3 grammes of egg-yolk are sufficient, and half a 
gramme of yeast is enough. 

The best known of these vitamins or accessory substances are :— 

Fat-soluble A: This is contained in most animal fats, and is specially 
abundant in butter and cod-liver oil. It is absent from vegetable 
fats, but present in the green parts of vegetables. Animals cannot 
make it for themselves, so lactating mothers must receive it in their 
food. 

Water-soluble B ; The Beri-beri condition is the specific result of 
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the absence of this. Both A and B are essentia! for gromth in 

young animals. 

Water-soluble C : Contained in juices of fruits (especially oranges 
and lemons) and vegetables (especially turnips). Absence of this in 
the food leads to scurvy. 

MABGAEIME 

This has now become a staple article of diet, and the old prejudice 
against this butter substitute has largely disappeared, partly because of 
the stress of war, but mainly because margarine makers have learnt how 
to make it palatable. The best margarine is called oleo-margarine, and 
is made with beef fat as its chief basis. It is a valuable food, and con¬ 
tains the fat-soluble accessory substance. The present-day margarines 
are mainly made from vegetable oils (palm-kernel oil, cotton-seed 
oil, etc.), which undergo a process known as hardening or hydrogena¬ 
tion to render them solid at ordinary temperatures. This consists 
in passing hydrogen gas through the oil at 250° C. in the presenc'e 
of a metallic catalyst. The process can be arrested at any stage 
when the desired amount of hardening is obtained. Such margarines 
are destitute of the fat-soluble accessory, and though their caloritic 
value is of the usual magnitude, they are of inferior value, especially for 
growing infants and children. Even if the fat which is hydrogenated 
contains fat-soIuble A to start with (e.g. whale oil), the high tempera¬ 
ture, unless oxygen is excluded, destroys it. 
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SALIVA 

1. The reaction of saliva is alkaline to litmus paper. 

2. To a little saliva in a test-tube add acetic acid. Mucin is 
precipitated in stringy flakes. 

3. Pilter off the mucin thus precipitated; the filter will also catch 
any cells which may be present. Apply the xanthoproteic or Millon’s 
test to the filtrate ; the presence of a small amount of protein is shown. 

4. The presence of potassium thiocyanate (KCNS) in saliva may be 
shown by the red colour given by a drop of ferric chloride solution; 
this colour is discharged by the addition of a drop of mercuric chloride 
solution. The presence and amount of potassium thiocyanate in saliva 
are, however, very inconstant. 

5. Put some 0*5 per-cent, solution of starch into three test-tubes, 
A, B, and 0. Add some saliva to B and C; faintly acidulate 0 with 
0*2 per-cent, hydrochloric acid; then place the three tubes in the 
water-bath at 40'’ 0. After five or six minutes remove the test-tubes 
and examine their contents. The starch to which no saliva was added 
(tube A) will be unaltered, and will give a deep blue colour on the 
addition of a drop of iodine solution. The same is . true for the acidu¬ 
lated specimen (tube 0). The contents of test-tube B will give a red- 
brown colour with iodine owing to the presence of erythro-dextrin, and 
will also contain a reducing sugar, as can be shown by boiling with 
Fehling’s solution. The reducing sugar is maltose. 

6. THE ACHBOMIC POINT.—By the action of ptyalin, the starch- 
splitting enssyme of sahva, starch is converted into (1) soluble starch, 
(2) erythro-dextrin, which gives a red-brown colour with iodine; (3) 
achroo-dextrin, which gives no colour with iodine; and (4), finally, 
maltose. In accurate work with amylolytic enzymes, it is usual to 
determine the rate of their action by detemuning the exact point when 
iodine ceases to give a coloration ; this corresponds to the moment 
when all the er 3 rthro-dextrin has disappeared, having been converted 
into achroo-dextrin and maltose; this is known as the achro^nic pomt. 
This may be determined with saliva in the following way: Rinse out 
the mouth thoroughly with warm distilled water; then collect some 
saliva, dilute it with five times its volume of distilled water, and filter. 

Place a number of drops of iodine solution on a white testing slab. 

Then mix 5 c.c. of a 0*5 per-cent, solution of starch with an eQiual 
quantity of the diluted filtered saliva, and place the mixture in the 
water-bath at 40'’ 0. Every half minute or so transfer a drop of the 
digesting mixture with a ^ass rod to a drop of iodine solution. At 
first, as long as starch is present^ the colour struck will be blue; then 
as er 3 rthro-dextain appears the colour will be violet, owing to the 
mixture of the blue (due to starch) and of the red (due to erythro- 
dextrin) ; a little later the colour struck will be the red-brown due to 
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tlie presence of erythro-dextrin ; witli successive drops after tMs tke 
colour will get fainter and fainter, until finally the achroinic point is 
reached. ISfote the time this has taken from the moment when the 
starch and saliva mixture was placed in the warm haliL CJompare 
this time with that obtained by other members of the and a 
relative measure of the activity of the saliva of different i»ople will 
in this way be obtained. 

GASTRIC BiamTIOB 

1. Half fill four test-tubes— 

A ^th water; B with 0*2 per-cent, hydrochloric acid ^; C 
with 0*2 per-cent, hydrochloric acid; D with solution of 
white of egg (1 to 10 of water). 

2. To A Jidd a few drops of glycerol extract of stomach- {iMs 
contains pepsin) and a piece of solid protein such as fibrin. 

To B also add peiisin solution and a piece of fibrin. 

To C add only a piece of fibrin. 

To D add a few dro^ of pejmn solution and fill up the tube with 

0*2 per-cent, hydrochloric acid. 

3. Put the tubes into the water-bath at 40® C., and observe them 
carefully. 

In A the fibrin remains unaltered. 

In B it becomes swollen, and gradually dissolves. 

In 0 it becomes swollen, but does not dissolve. 

These experiments show tdiat neither pei^in nor hydrocMorie acid 
alone digest protein, but that both must be present for this purpose. 
After half an hour examine the solution in test-tube B. 

(a) Colour some of the liquid with litmus and neutralise with 
dilute alkali. Acid meta-protein is precipitated. 

(b) Take another test-tube, and put into it a drop of 1 |»r-c«it. 
solution of copper sulphate ; empty it out so that the meimt trace of 
copper sulphate remains adherent to the wall of the tube; then add 
the solution from test-tube B and a few droi^ of strong caustic potash. 
A pink colour (biuret reaction) is produced. ^Oiis should be caxefoliy 
compared with the violet tint given by unaltered albumin. 

(c) To a third portion of the fiuid in test-tube B add a drop of 
nitric acid; proteoses or propeptones axe precipitated. This piwipitate 
dissolves on heating and reappears on cooling. 

Repeat these three tests with the dig^ted white of ^ in test- 
tube D. 

4. Examine an artificial gastric digestion which has l^n kept a 
week. Note the absence of putrefactive odour; in this it contents 
very forcibly with an artificial pancreatic digestion under similax 
conditions. 

1 Made by adding 6 c.c. of commercial concentrated byclrociiloric acid to 

934 c.c. of water. , . , , , r 

- Benger’s liquor pepticus may be used instead of the glyeerol extract of 

stomach. 
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ENZYMES 

The word feimentatiori was first applied to the change of sugar 
into alcohol and carbonic acid by means of yeast. The evolution of 
carbonic acid causes frothing and bubbling ; hence the term “ fermen¬ 
tation.” The agent yeast which produces this used to be called the 
ferment. Microscopic investigation shows that yeast is composed of 
minute rapidly growing unicellular organisms belonging to the fungus 
group of plants. 

The souring of milk, the transformation of urea into ammonium 
carbonate in decomposing urine, and the formation of vinegar (acetic 
acid) from alcohol are produced by the growth of very similar 
organisms. The complex series of changes known as putrefaction, 
which are accompanied by the formation of malodorous gases, and 
which are produced by the growth of various forms of rapidly 
multiplying bacteria, also come into the same category. 

That the change or fermentation is produced by these organisms is 
showm by the fact that it occurs only when the organisms arepresent^and 
stops when they are removed or killed by a high temperature or by cer¬ 
tain substances (carbolic acid, mercuric chloride, etc.) called antiseptics. 

The “ germ theory’^ of disease explains the infectious diseases by 
considering that the change in the system is of the nature of fermen¬ 
tation, and, like the others w-e have mentioned, produced by microbes ; 
the transference of the bacteria or their spores from one person to 
another constitutes infection. The poisons produced by the growing 
bacteria were formerly supposed to be alkaloidal (ptomaines); in all 
probability the majority are protein in nature. The existence of 
poisonous proteins is a very remarkable thing, as no profound chemical 
differences have yet been shown to exist between them and those 
which are not poisonous, but which are useful as foods. Snake venom 
is an instance of a very virulent poison of protein nature. 

The microscopic'appearances of some of the micro-orgauiisms con¬ 
cerned are shown in the accompanying illustration (fig. 10). 

All these micro-organisms require moisture in which to act. They 
act best at a temperature of about 40° C. Their activity is stopped, 
but the organisms are not destroyed by cold; even after being sub¬ 
jected to the intense cold of liquid air, they resume activity when once 
more raised to a suitable temperature. The organisms are, however, 
like other living cells, killed by too great heat. Some micro¬ 
organisms act without free oxygen; these are called anmrobic, in 
contradistinction to those that require free oxygen and which axe 
therefore called €$ir$Mc. 
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Another well-know'n fact caiiceniing micro-orgaiiibiiis is that the 
substances they produce in time put a stop to their activity ; thus in 
the case of yeast, the alcohol produced, and in the case of putrefactii^e 
bacteria acting on proteins, the phenol, cicsol, etc., produced, first stop 
the growth of and ultimately kill the organisms in question. 

For a long time it was uncertain how micro-orgiinisms were able to 



Fig. lU.—Typical forms of Sckuoinycctes (after Zopf) : a, m-icrococcus; macrococtiisp c, bac¬ 
terium; tf, bacillus; it Clostridium; iwonas Okeaii; iepiothrix; /, vibrio; i', 

spiriltuin ; /, spiralina; w, spiromonas; »jSpiroctete; *?, dadothrias;. 

effect these chemical transformations. It is now, however, definitely 
proved that they do so by producing agents of a chemical nature which 
were formerly called soluble ferments, but are no'iv usually spoken of 
as emymes. This ivas first demonstrated in connection with the 
invertase of yeast cells, and with the enzyme secreted by the Mkm- 
cauus urea which converts urea into ammonium carbonate in putre¬ 
fying urine. For a long time, however, efforts to obtain from yeast cells 
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an enzyme capable of bringing about the alcoholic fermentation were 
unsuccessful. This is because the enzyme does not leave the yeast 
cells, but acts intracellularly. Buchner finally, by crushing the yeast 
cells, succeeded in obtaining from them the long-sought enzyme, and 
he termed it sjmase ; and since then other enzymes have been obtained 
from other micro-organisms by similar means. 

Enzymes are also formed by the cells of the higher organisms, both 
in animal and vegetable life ; and in animals those which are pro¬ 
duced by the cells of the digestive glands are those w’hich have been 
longest known. Familiar instances of these are J>iyalm, the starch- 
splitting enzyme of saliva, and pepshi^ the protein-splitting enzyme 
of gastric juice. The substance upon which the enzyme acts is spoken 
of as the substrate. 

We may therefore place these essential facts concerning enzyme 
action in the following tabular way, restricting ourselves for the 
present to those we have already mentioned. 


The Living Cell. | 

The Enzyme 
Produced. 

The Substrate. 

The Products of Action, j 

i 

i The yeasi cell. 

Zvmase. 

Glucose. 

Alcohol and carbon j 

i 1 


1 

dioxide. ! 

. The salivary cell. 

Ptyalin. 

Starch. 

Dextrins and malt¬ 

! ! 



ose. j 

' The gastric cell. | 

Pepsin. 

! Protein. 

Proteoses and pep¬ 

' I 


i 

1 

tones. 

1 


The enzymes concerned in digestion, the study of which we are 
now commencing, fall under the following five principal headings :— 

1 . Amylolytic or amyloclastic —those which convert polysaccharides 
(starch, glycogen) into sugar with intermediate dextrins. Examples : 
the diastase of vegetable seeds, the ptyalin of saliva, the amylase of 
pancreatic juice. 

2. Inverting — those which convert disaccharides into mono¬ 
saccharides. Examples :— 

{a) Invertase or sucrase of yeast cells ; invertase of intestinal 
juice ; these convert sucrose into equal parts of glucose 
and fructose. 

ip) Maltase of intestinal juice; this converts maltose into glucose. 

if) Lactase of intestinal juice ; this converts lactose into equal 
parts of glucose and galactose. 

3. Lipolytic or Kpoclastic —those which split fats into fatty acids 
and glycerol. An example, lipase, is found in pancreatic juice. 
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4. Pioteol3rtic or pxateoclastic—those which split proteins into 
proteoses, peptones, polypeptides pint! finally amino-acids. Examples : 
the pepsin of gastric, and the trypsin of pancreatic juice. 

5. Peptolytic or pepfcoclastic—those which split proteoses and 
peptones into polypeptides and ainino-acids. The irepsin of intestinal 
juice is an example of these. 

The enzymes in the foregoing lists are hydrolytic ; that is, water is 
added to the substrate, which, then splits into simpler molecules. I'his 
is seen in the following examples 

{a) Conversion of cellulose into carbonic acid and methane by the 
enzyme secreted by putrefactive organisms 

[celiubse] [water] ftarbonk acid | [n^ethan^i 

{b) Inversion of sucrose by invertase : — 

+ HaO = CeHiPg i- QHiaOe 

(5;u€ro%el |w.tterl iglacojsie] Ifriictose] 

In addition to these there are many others which are concerned in 
other processes than those of digestion. Of these we may nienticm 

5. Coagnlative enzymes—those which convert soluble into in¬ 
soluble proteins ; the best example of this class is ihri}fnMn 
fermenf, 'which comes into play in blood-coagulation, converting the 
soluble protein in blood-plasma called fibrinogen into fibrin. The 
similar conversion of niyosinogen in mu sole into myosin during rigffr 
moriis is. also possibly due to the activity of an enzyme. Rennet or 
renmin found in the gastric juice converts the soluble caseinogenate of 
milk into casein, and may therefore he included with these enzyiiies ; 
it comes into action during the digestion of milk in the stomach. 

7. Intracellular or Antolytic Enzymes.—These come into play 
during cell life, and are important in the metabolic or intractllular 
chemical changes which occur in protoplasm ; they also may be sub¬ 
divided into proteol 3 rtic, peptolytic, lipolytic, etc., according to the 
substrate upon which they act. After death their activity’ continues, 
and so they produce self-digestion or auiffiysis of the cells in w’hich they 
are situated, if the tissue or organ is kept at an appropriate temperature 
and under aseptic conditions. 

8. Oxidasas, which axe oxygen carriers and produce oxidation: 
they are mainly found as intracellular enzymes, and are important in 

tissue respiration. 

9. Radmetas^.—These are the counterpart of the oxidases and 

produce reduction in the tissues. 
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10. Deaminases.—These remove the amino-group from amino- 
compounds. 

These ten groups do not by any means exhaust the list; there is 
in the living organism no group of agents as important as enzymes in 
bringing about the chemical changes necessary for its continued 
metabolisin and well-being. We shall come across many examples of 
enzymic action in our subsequent studies, for instance in the formation 
of urea, of uric acid, etc., etc. 

There are, however, certain considerations of a more general nature 
which we may enumerate here. The first of these is :— 

The Chemical Nature of Enzymes .—This is a subject which is very 
difficult to investigate; the enzymes are substances which to a great 
extent elude the grasp of the chemist. No one has ever yet been 
successful in obtaining any enzyme in a state of absolute purity ; but 
we are perhaps safe in saying that if they are not protein in character, 
they are substances closely allied to the proteins. 

Zymogens .—These are the parent substances or precursors of the 
enzymes. The granules seen in many secreting cells consist very 
largely of zymogen, which in the act of secretion is converted into 
the active enzyme. Thus pepsin is formed from pepsinogen, trypsin 
from trypsinogen, and so forth. 

Activation of Enzymes. Co-enzymes .—Many enzymes contained 
in secretions are in a condition ready for action. The activity of 
other enz 5 nnes only occurs after they have been rendered energetic 
by the presence or action of other substances termed activating 
agents or co-enzymes. The modus operandi of the co-enzyme appears 
to vary in different cases ; the co-enzyme may be itself an enzyme, 

or it may be a more or less simple organic substance, or even an 

inorganic material. Pepsin, for instance, will only act in an 

acid medium, and its most favourable ally is hydrochloric acid ; a 
compound of the two substances, pepsin-hydrochloric acid, appears to 
be the effective agent in the proteolysis which occurs in the stomach. 
Trypsin is not present as such in the fresh pancreatic-juice; what is 
present is trypsinogen ; this is converted into the active enzyme 
trypsin when it meets the entero-kinase of the succus entericus ; and 
entero-kinase is itself an enzyme, an enzyme of enzymes, as Pavloff 
terms it. Thrombo-kinase is regarded by some as the activating 
agent for thrombin or fibrin ferment, though here, as also in 

rennet action, the presence of calcium is essential too. Bile salts act 
as coadjutors in the action of pancreatic lipase, phosphates, and other 
phosphorus-containing substances in the action of zymase, and so forth. 

The Specificity of Enzyme Action .—^An enzyme which acts upon 
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starcli will not act upon protein ; and one which acts upon protein will 
not act upon starcli or fat. In some cases tlie action of an enzyme is 
extraordinarily limited ; thus there are three separate enzymes to 
hydrolyse the three principal disaccharides, sucrcose, lactose, and 
maltose, neither of which will act upon either of the other two sugars 
in the list. Aiginase splits arginine into ornithine and urea, but will 
act upon no other substance. Some of the peptolytic enzymes obtained 
in extracts of tissues and organs will act upon certain polyptptides, 
resolving them into their constituent amino-acids, whereas others act 
in a similar way on other groups of polypeptides. The lock and key 
simile first introduced by Emil Fischer will aid us in understanding 
this specificity of action. Each lock must have its special key: so the 
configuration of an enzyme must he related in some way to the con¬ 
figuration of the substrate to enable it to enter and unicxrk its parts 
from one another. 

Tke InexAam^Ih'/ify of Enzymes,- —A small amount of enzyme will 
act on an unlimited amount of substrate, provided sufficient time is 
given, and provided also the products of action are removed. '‘A little 
leaven ieaveneth the whole lump.’’ This is perhaps analogous to the 
part played by sulphuric acid in the etheriftcation of alcohol (see p. 16). 
The enzyme appears to take a share in intermediate reactions, and 
there is some evidence that in certain stages it combines with the 
substrate ; but subsequently when the substrate breaks up into simpler 
materials, the enzyme is liberated unchanged, and so ready to act 
similarly on a fresh amount of substrate in which the same series of 
events is repeated. 

Catalytic AcJwm of Enzymes .—The analogy of enzyme action is, in 
fact, so close to that of inorganic catalysts, that the view at present 
current regarding it is that the action is a catalytic one. This is to say, 
the presence of the enzyme induces a chemical reaction to occur rapidly 
which in its absence also occurs, but so slowly that any action at ail is 
difficult to discover. To use the technical phrase, its action is to increase 
the velocity of chemical reactions. It is, for instance, quite conceivable 
that, if starch and water were mixed together, the starch would in time 
take up the water and split into its constituent molecules of sugar. 
But an action of this Mud would be so slow, CKxrupying perchance 
many years, that for practical purposes it does not tale place at all 
If an inorganic catalyst is added, such as sulphuric acid, smd the 
temperature raised to hoiiing-point^ the action takes place in a few 
minutes; if an organic catalyst, such as the enzyme ptyalin, is 
added, the velocity of the change is equally great or even greater, 
but what is of more importance for the well-being of the animal. 
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a moderate temperature^ iiaiiielY that ot the body, amply suffices. 
The organic catalysts or enzymes arc, however, colloidal in nature 
(possibly protein), and this explains the points in which they differ 
from the inorganic catalysts, for instance in their destructibility by 

high temperatures. 

J^eac-fiim relmifv.—Most of the reactions in inorganic chemistry 
take place between elecfrolytes^ that is substances which are conductors 
of the electric current. They conduct electricity when they are in 
solution because they are largely broken up into their constituent ions ; 
thus sodium chloride is broken up into ions of sodium and ions of 
chlorine; the sodium ions are called Aaiiom because they become 
charged with positive electricity and move towards the kathode or 
negative pole; the chlorine ions are called anions because they are 
charged with negative electricity and move towards the anode or positive 
pole. Substances which are not -ionised in solution are called non- 
ekdrolytes and do not conduct electricity. 

The reactions of inorganic salts, bases, and acids are really reactions 
between ions, and ionic reactions occur at such enormous velocity as 
to be almost instantaneous. Ionic reactions take place between the 
inorganic constituents of living cells, and such reactions occurring as 
they do in a colloidal medium are somewhat slowed down, but even so 
are completed in an immeasurably short time. The most important 
substances (fats, carbohydrates, proteins) in living tissues are, however, 
not electrolytes, and reactions between them are spoken of as molecular 
reac/mms, and cxcur so slowly that it is possible to ascertain the rate at 
which they take place. J^eaeiion velocity is defined as the quantity of 
the substance transformed, measured in gramme-molecules per litre, 
which disappears in the unit of time (one minute). When starch is 
transformed into sugar, or protein into amino-acids, there is only one 
substance transformed, and such reactions, which compose the majority 
of the reactions in living cells, are called unimolecular reactions, or 
reactions of the first order. 'W^hen, for instance, starch is changed into 
sugar by the action of an acid, it is the starch alone which is altered ; 
the acidity underg(^s no diminution. Similarly when the change is 
brought about by an enzyme, the starch only is changed; the 
enzyme is still present in its original quantity. Reaction velocity 
is thus of special importance in a study of the changes produced 
by enzymes, and these are the most frequent of all changes in living 
striK^nrcs. 

Sit»e the quantity of the substance acted upon is continually 
diminishing, the velocity of the reaction cannot remain the same 
throughemt,, but must diimnish ki a certain ratio. Suppose 20 parts 
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out of 100 are transformed in tlie first minute^ there will be only 80 
parts remaining at the commencement of the second minute :— 


100 - 



Similarly at the commencement of the third minute we hare only S4 
left, 16 having disappeared 


80-* 


80 

5 


= 64, 


In the fourth minute, 12*8 disappears and 51*2 is left 


64 -®_'^= 51 - 2 ; 


and so on. 

In order to express this in general terms, w'e may Ia!>el the original 
concentration 100 by the symbol Cq, and for 80, 64, 51 *2, etc., use the 
terms C^, Cg, etc.. .. Q. The constant figure in the atove example 
is I or 0-2. This may be represented by A. The equations then ran 

Co-Coi = Ci, or Co(l-^) = Ci. 

Further Co(l - i) ™ [C/1 - i) x C, ; 

or, €e(l-^)-CV 

Further C^(l - i)' = Cjj. 

Finally 

If this is plotted out in the form of a curve, we obtain the curve knowm 

as a logarithmic curve. 

In other cases the law is a different one, and we find that the 
reaction velocity is not directly proportional to the quantity of reacting 
substance, but to the square of this quantity. In all such rases, tw'o 
substances are simultaneously changed in their concentration. Such a 
process takes place in the decomposition of esters (compounds of organic 
acids with alcohols), under the influence of an alkali ; here not only is 
the amount of ester becoming less, but the alkali is also used up in 
the formation of salts of the organic acid. Such reactions are called 
bimolecular readimis^ or reactions of the second order. Certain re¬ 
actions in living cells are of this order, hut reactions of higher orders 
still are not as yet known in living cells. 

The Optimum Temperature qJE nzyme Action. — As the temperature 
rises the velocity of the action increases until a temperature is reached 
at which the activity of the enzyme is greatest. Most enzymes act best 
at 40° C., but there are exceptions to this rule ; malt diastase, for 
instance, acts best at 60® C. Beyond the optimum temperature a 
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further rise inhibits activity, until a point is reached when the enzyme 
is destroyed. The susceptibility of enzymes to the influence of a high 
temperature is a striking piece of evidence in favour of the view that 
these agents are protein-like in nature. The fatal temperature is as a 
rule in the neighbourhood of 50° C. 

The effect of a rise of temperature is thus complicated by being of 
a twofold nature. In the first place, and between certain limits, a rule 
known as the law of Arrhenius is followed : that is, a rise of 10 ° C. 
doubles or more than doubles the velocity of the action of the enzyme, 
as it does other chemical reactions. But as the temperature rises, 
the velocity of the disintegration of the enzyme increases also. The 
optimum temperature will therefore be one at which the accelerating 
effect is strong enough to finish the reaction quickly, and the retarding 
effect due to destruction of the enzyme is not so great as to paralyse 
the accelerating effect. 

Reversibility of Enzyme Action ,—We have just seen that the 
majority of enzyme actions are unimolecular, and that the law followed 
is the simple logarithmic law. 

But in these reactions we usually meet with the peculiarity that 
it is not completed when the reaction ceases. A certain quantity 
of the substrate never disappears. Thus a small amount of sucrose 
remains unchanged whether the hydrolysis is brought about by the 
action of an acid or of an enzyme. This phenomenon is due to the fact 
that two reactions are always taking place in opposite directions. 
Simultaneously with the splitting up, the synthetical reaction begins, 
and synthesis or building up increases in proportion as the splitting of 
the compound advances. The velocity of the splitting process decreases 
at the same rate as the velocity of the synthetic process increases. At 
a certain point, both have the same velocity, and therefore no further 
change occurs in the mixture when this condition of equilibrium is 
reached. This rule is expressed by writing the chemical equation 
connected by a double arrow instead of the sign of equation. Two 
examples follow :— 


QHj . OHh-CHj . COOHillQHs . COO . CH 3 + H 2 O 

[ethyl alcohol] [acetic acid] [ethj 1 acetate] [water] 

CeH^aOe + CgHigOetlCiaHaaOii + H3O 

[glucose] [fructose] [sucrose] [water] 

This phenomenon is termed reversibility f and was first 
demonstrated by Croft Hill in his experiments with sucrose and 
invertase. 

In intracellular action this is a factor of importance, for the same 
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enzyme can in the presence of different proportions of the substrate nnd 
its cleav^age products both tie (in anatMism) and untie (in katakiii>n''i 

the knot. 

It should furtlier be noted that hydrolytic actions are is^Mermf: ; 
that is, the total energy of the products is equal to that of the sub¬ 
stance broken up. 

The simple logarithmic law of enzyme action has been demonstrated 
for the majority of enzymes (invertase, tr 3 rpsin, tTepsin, lipase, etc.). 
The effect in a given time is directly proportional to the quantity 
of enzyme present. But pepsin is an exception to this rale as 
first pointed out by Schiitz in 1885. He found that peptic activity 
is proportional to the square root of the amount of ptpsin preterit. 
Thus if a certain quantity of pepsin produced an amoimt of 
digestive action v^hich we call a, in order to produce a clig:t•^^:ve 
action equal to 2a in the same time, it vouid be necessary' to 
employ four times the amount of pepsin; and in order to prcxiiice a 
digestive action equal to it would be necessary to use nine times 
the amount of pepsin. This rule (Schiitz’s law) has hem often con¬ 
firmed, and a few years ago Arrhenius explained it on matheir.itical 
lines- 

Anfd-ensymes ,—Many chemical substances, such as strong adds and 
alkalis, alcohol, formaldehyde, iodine, potassium cyanide, and salts of 
the heaw metals, hinder enzyme activity. But the terra anti-enzyme 
is generally limited to substances produced in the metaboiiMii of living 
organisms. Excess of these organic anti-enzynies can be reatiihv pni- 
diiced by injecting an enzyme into the blcM,>d -stream of an iiiihr.al. 
This stimulates the production of an anti-enzyme, so that when the 
blood-serum is mixed with the original enzyme^ its power is inhifiiteii. 
Anti-enzymes are specific, that is, they inhibit the enzyme which wvis 
injected into the blood, and no other. 

TSE SAIiITA 

The secretion of saJaTO is a reflex action ; the taste ox smell of food 
excites the nerve- endings of the afferent nerves (glossopharyiigeal and 
olfactory) ; the efferent or secretory nerv^es are contained in the chorda 
tyrnpani (a branch of the seventh cranial nerve), which supplies the 
submaxillary and sublingual glands, and in a branch of the glosso¬ 
pharyngeal, which supplies the parotid- The sympathetic brandies 
which supply the blood vessels with constrictor nerv^es contain in some 
animals secretory fibres also. 

The parotid gland is called a serous or albuminous gland ; licfore 
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.a .4 freib air■riiiaxillarjr gland of dog: «, loaded with^ mucinogea 

/ It aMc’' •<%err«*tl4»n: the granules are fewer, especially at^ the 

'dfr insi'eH; .« r reprr«nt cells in a loaded and discharged condition 
wli' h hui^e Iwreu irrisateil with water or dilute .'%dcl. The mucous granules are 
4 of murk tra\-erHed by a network o£ protoplasmic cell- 

F ! Lzmgify.) 
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secretion the cells of tlie acini are sweilm out with ; afur 

secretion has occurred the cells shrink, owing to tin granule- h.nk'i^ 
been shed out to contribute to the secrelkiii (see tig. 11) beirn i c-n 

verted into ptyalin. 

The submaxillary and sublingual glands are vdlhd glaial- ; 

their secretion contains mucin. .Mucin is absent tri/rn tjarethi 
saliva. The granules in the cells arc larger than tho-c )f the i;.ir c.el 
gland: they are composed of inucmogcn, the prerure''.r ch inubr 

(see fig. 12). 

In a section of a inucous gland prepared in ilie iinlinary vay rhe 
inucinogen granules are swollen out, and give a liigli'y rjfriding 

appearance to the mucous acini (see fig. 13). 


OOILPOSITION OF SALI¥A 

On microscopic examination of mixed saliva a few rpiilielial 
scales from the mouth and salivary corpuscles from tlie tensils 
are seen. The liquid is transparent, slightly opalescent, of slimy 
consistency, and may contain lumps of nearly pure mucin. On 
standing it becomes cloudy owing to the precipitation of calcium 
carbonate, the carbonic acid which held it in solution as l)icarfc»sat€ 
escaping. 

Of the three forms of saliva which contribiite to the mixture louiitl 
in the mouth, the sublmgual is richest in solids (2-75 per cent.). The 
submaxillary saliva comes next (2T to 2*5 per txnt.). When artificially 
obtained by stimulation of nen-’^es in the dog the saliva obtaintvi by 
stimulation of the sympathetic is richer in solids than that obtained 
by stimulation of the chorda tympani. The parotid saliva is pcx)rest in 
total solids ( 0*3 to 0-5 per cent.), and contains no mucin. Vlixed saliva 
contains in man an average of about 0*5 per cent, of solids : it is alxa- 
line in reaction, due to the salts in it; and has a specific gravity of 
1(K)2 to 1(K}6. 

The solid constituents dissolved in saliva may be classified thus 


Organic 


f a. Mucin : this may be precipitated by acetic acM» 

f Ptyalin: an amylolytic enzyme. 

’| r. Protein : of the nature of a globulin. 

Potassium thiocyanate. 


Inorganic 


'e. Sodium chloride : the most abundant salt. 

/. Other salts : sedium carbonate ; calciiiiii phosphate 
and carbonate ; magnesium phosphate ; potassiiiiii 

chloride. 
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THE ACTION OF SALIVA 

The action of saliva is twofold, physical and chemical. 

The physical use of saliva consists in moistening the mucous mem¬ 
brane of the mouth, assisting the solution of soluble substances in the 
food, and in virtue of its mucin lubricating the bolus of food to facilitate 
swallowing. 

The chemical action of saliva is due to its enzyme ptyalin. 

The starch is first split into erythro-dextrin, which gives a red colour 
with iodine, achroo-dextrin, which gives no colour with iodine, and 
maltose. Brown and Morris give the following hypothetical equation:— 

[starch] [water] 

[maltose] [achroo-dextrin] [erythro-dextrin] 

The erythro-dextrin is then converted into achroo-dextrin, and 
finally into maltose. 

Ptyalin acts in a similar way, but more slowly, on glycogen ; it has 
no action on cellulose; hence it is inoperative on uncooked starch 
grains, for in these the cellulose layers are intact. 

Ptyalin acts best at about the temperature of the body (35-40°), 
and in a neutral medium; a small amount of alkali makes but little 
difference ; a very small amount of acid stops its activity. The con¬ 
version of starch into sugar by saliva in the stomach continues for a 
variable time, for the swallowed masses which fall into the fundus of 
the stomach are not subjected to peristalsis and admixture with gastric 
juice until a later stage in digestion ; but the admixture of the 
contents of the fundus with the rest of the gastric contents will occur 
more quickly if the person moves about. The hydrochloric acid 
which is poured out by the gastric glands first neutralises the saliva 
and combines with the proteins in the food ; but immediately free 
hydrochloric acid appears the ptyalin is destroyed, so that it does 
not resume work even when the semi-digested food once more becomes 
alkaline in the duodenum. 

THE SECRETION OP GASTRIC JUICE 

The juice secreted by the glands in the mucous membrane of the 
stomach varies in composition in the different regions, but the mixed 
juice is a solution of a proteolytic enzyme (pepsm) in a saline solution, 
which also contains a little free hydrochloric acid. 

The gastric juice can be obtained during the life of an. animal by 
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FiCi 14 .-A foadus gland from the dog’s stomach (Klein); <f, duct or mouth of 1 

of one of its tubules; on the right the base of a tubule is more highly magntded, c, central 
cell; /, parietal cell. 
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means of a gastric fistula. Gastric fistulse have also been made in 
human beings, either by accidental injury or by surgical operations. 
The most celebrated case is that of Alexis St Martin, a young Canadian 
who received a musket wound in the abdomen in 1822. Observations 
made on him by Dr Beaumont formed the starting point for our correct 
knowledge of the physiology of the stomach 



Fig. 16.—A fundus gland of 
simple form from _ the bat’.s 
stomach. Osmic acid prepara¬ 
tion (Langley); c, columnar 
epithelium of the surface; n, 
neck of the^ gland, with cen¬ 
tral and parietal cells; ^ base 
occupied only by principal or 
central cells, which exhibit the 
granules accumulated towards 
the lumen of the gland. 


and its secretion. 

We can make artificial gastric juice by 
mixing weak hydrochloric acid (0-2 to 0*4 
per cent.) with a glycerol or aqueous extract 
of the stomach of a recently killed animal. 
This acts like the normal juice. 

Three kinds of glands are distinguished 
in the stomach, which differ from each other 
in their position, in the character of their 
epithelium, and in their secretion. The car¬ 
diac glands are simple tubular glands quite 
close to the cardiac orifice. The fundus 
glands are those situated in the remainder of 
the cardiac half and fundus of the stomach : 
their ducts are short, their tubules long in 
proportion. The latter are filled with 
polyhedral cells, only a small lumen being 
left; they are more closely granular than the 
corresponding cells in the pyloric glands. 
They are called principal or central cells. 
Between them and the basement membrane 
of the tubule are other cells which stain 
readily with aniline dyes. They are called 
parietal or oxyntic (i.e, acid-forming) cells. 
The pyloric glands, in the pyloric canal, have 
long ducts and short tubules lined with 
cubical cells. There are no parietal cells 
(see figs. 14 and 15). 

The central cells of the fundus glands 
and to a less degree the cells of the pyloric 


glands are loaded with granules. During secretion they discharge their 


granules, those which remain being chiefly situated near the lumen. 


leaving in each cell a clear outer zone (see fig. 16). These are the cells 
which secrete the pepsin. Like secreting cells generally, they select 
certain materials from the lymph that bathes them : these materials are 


worked up by the protoplasmic activity of the cells into the secretion. 
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which is then discharged into the lumen of the gland. The most 
important substance in a digestive secretion is the enzyme. In the 
case of a gastric juice this is pepsin. We can trace an intermediate 
step in this process by the presence of the granules. The granules are 
not, however, composed of pepsin, but of a mother-substance, which 
is readily converted into pepsin. We have seen a similar enzyme pre¬ 
cursor in the salivary cells (p. 97), and shall find others in the pancreas, 
and the term zymogen is applied to these enzyme precursors. The 
zymogen in the gastric cells is called pepsinogen. The rennin that 
causes the curdling of milk is formed by the same cells. 

The parietal cells are also called oxyntic cells, because they 
secrete the hydrochloric acid of the juice. Heidenhain succeeded in 
making in one dog a cul-de-sac of the fundus, in another of the pyloric 
region of the stomach ; the former secreted a juice containing both acid 
and pepsin; the latter, parietal cells being absent, secreted a viscid 
alkaline juice containing pepsin. The formation of a free acid from the 
alkaline blood and lymph is a puzzling but important problem. There 
is no doubt that it is formed from the chlorides of the blood and lymph, 
and of the chemical theories advanced as to how this is done, Malyh’s 
is the most satisfactory. He considers that the acid originates by the 
interaction of sodium chloride and sodium dihydrogen phosphate, as is 
shown in the following equation :— 

NaH 2 P 04 + NaCl = Na 2 HP 04 + HCI 

[sodium di- [sodium [disodium [hydro- 

hydrogfen chloride] hydrogen chloric 

phosphate] phasphate] acid| 

The sodium dihydrogen phosphate in the above equation is probably 
derived from the interaction of the disodium hydrogen phosphate and 
the carbonic acid of the blood, thus :— 

Na 2 HP 04 + CO 2 + HgO = NaHCO^ + NaH 2 P 04 

Other theories have tried to explain the formation of such a strong 
acid as hydrochloric by the law of ‘‘ mass action.’^ We know that by 
the action of large quantities of carbonic acid on salts of the mineral 
acids the latter may be liberated in small quantities. We know, 
further, that small quantities of acid ions may be continually formed 
in the organism by ionisation. But in every case we can only make 
use of these explanations if we assume that the small quantities of 
acid are carried away as soon as they are formed, and thus give room 
for the formation of fresh acid. Even then it is impossible to explain 
the whole process. A specific action of the cells is no doubt exerted, 
for thes^ reactions can hardly be considered to occur in the blood 
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gc'ncTalliN l)ut ratlier in tht‘ oxyiitie cells, which possess the necessary 
selective powers in reference to the constituents of the blood, and the 
liydradikvric acid^ soon as it is formed, passes into the secretion of 
the gland in con-eqiience of its high power of diffusion. 


COMPOSITION OF OASTEIC JUICE 

The f blowing table gives the percentage composition of the gastric 

juice of man and dog e- 


Ganstitueiits. 

i 

Human. 

Dog. 


■ " . " i 

Water ...... I 

99*44 

97*30 


Organic sii!«tance> 1 chiefly pepsin) . ^ 

o *:^2 

1*71 


HCl ....... 


0*50 


CaCL> ...... 


om 


NTCf..’ 

0-14 

0*25 


fCCI . . . . ... 1 

9il5 

0*11 


NH 4 CI.i 


0*05 


. \ 


0-17 


. \ 

0*01 

0*02 


FePOj. j 


0*00cS 


— .. . 





In the foregoing table one also sees the great preponderance of 
chlorides over other salts : apportioning the total chlorine to the 
various metals present, that which remains over must be combined- 
with hydrogen to form the free hydrochloric acid of the juice. The 
freshly secreted juice contains about 0*5 per cent, of the acid (as 
shown in the analysis of dog’s gastric juice in the table). When the 
juice remains in the stomach this is in part neutralised by the food 
and saliva, and also by pancreatic juice which enters the stomach from 
the duodenum, so that the ultimate percentage is only 0*2. 

Pepsin stands apart from nearly all other enzymes by requiring 
an acid raedkm In order that it may act. A compound of the two 
substances called jfepsin-hydrmhioru acid is the really active agent. 
Other acids may take the place of hydrochloric acid, but none act 
so well. Lactic add is often found in gastric juice ; this, however, is 
derived by fermentative processes from the food. 

Pavioff has shown that in dogs the secretory fibres for the gastric 
glands are contained in the vagus nerves. 

By an ingenious surgical operation he succeeded in separating ojBT 
from the stomach a diverticulum which pours its secretion through an 
op>ening in the abdominal wall. This small stomach was found to act 
in every way like the main stomach of the animal. The pure juice 
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so obtained is clear and colourless : it has a specific gravity of 1(M}3 
to 1006. It is feebly dextro-rotatory, and gives some of the protein 
reactions. It contains from 04 to l)*6 per cent, of hydrochloric acid. 
It is strongly proteolytic, and inverts cane sugar. A\Tien cooled to 
0° C. it deposits a fine precipitate of pepsin ; this settles in layers, 
and the layers first deposited contain most of the acid, which is loosely 
combined with and carried down by the pepsin. Pepsin is also 
precipitable by saturation with ammonium sulphate (Kiihne). 

The juice is most abundant in the early periods of digestion, but 
it continues to be secreted in declining quantity as long as any fcMxi 
remains to be dealt with. When there is no food given there is no 
juice. But sham feeding with meat will cause it to flow. 

The larger the proportion of protein in the diet, the more abundant 
and active is the juice secreted, provided the animal is hungry ; the 
psychical element is important. 

THE ^lotions of GASTRIC JUICE 

Gastric juice has the following five actions 

1. It is antiseptic, owing to the hydrochloric acid present; putre¬ 
factive processes do not normally occur in the stomach, and the micro¬ 
organisms which produce such processes, many of which are swallowed 
with the food, are in great measure destroyed, and thus the body is 
protected from them. 

2. It inverts sucrose into glucose and fructose. This also is 
due to the acid of the juice, and is frequently assisted by inverting 
enzymes contained in the vegetable food swallowed. The juice has 
no action on starch. 

3. It contains lipase, or a fat-splitting ferment. The protein 
envelopes of the fat ceRs are first dissolved by the pepsin-hydrochloric 
acid, and the solid fats are melted. They are then split in small 
measure into their constituents, glycerol and fatty acids. This action 
is mainly produced by a regurgitation of the contents of the duodenum 
mixed with pancreatic juice; but even after the pylorus has been 
ligatured and regurgitation prevented, the gastric juice itself produces 
a small amount of fat-splitting, and therefore contains lipase. It is a 
remarkable fact that the administration of fat in the food increases the 
regurgitation from the duodenum. 

4. It curdles milk. This is due to the action of the rennet enzyme 
or rennin. The conditions of this action we have already discussed 
under Milk (see p. 74); but it may here be added that Pavloff has 
?^dv^.nQed the view that rennin is not a distinct and separate enzyme. 
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but tliat milk-curdling is only one of tlie activities of pepsin. This 
hypothesis has been accepted by numerous physiologists; but, on the 
other hand, there is a number of equally eminent observers who still 
mamtain that pepsin and rennin are two separate enzymes. Whichever 
viei," is correct, the curd of casein formed from the caseinogeri is 
subsequently digested as other proteins are. 

5. It is proteolytic; this is the most important action of all. The 
proteins of the fcxKi are converted by the pepsin-hydrochloric acid into 
peptones. It has been stated that the prolonged action of the juice 
leads to the further splitting of the peptones into amino-acids, but 
accurate work has shown that pepsin-hydrochloric acid does not split 
any of the known polypeptides into their ultimate cleavage products. 

This action is a process of hydrolysis ; and peptones may be formed 
by other hydrolysing agencies, such as superheated steam or heating 
with dilute mineral acids. The first stage in the process of hydrolysis 
is that of acid meta-protein ; the next step is the formation of proteoses. 
The word proteose includes the albumoses (from albumin), globu- 
loses (from globulin), vitelloses (from vitellin), etc. Similar substances 
are also formed from gelatin (gelatoses) and elastin (elastoses). Then 
peptone (a mixture of pol}peptides) is produced. The products of 
digestion of protein may be arranged according to the order in which 
they are formed, as follows :— 


1. Acid meta-protein. 


2. Propeptone 
or proteoses 


'{a) Proto-proteose IThe primary proteoses, f\e. 
(5) Hetero-proteose r those which are formed 
J first. 

(r) Deutero- or secondary 
s proteose. 


3. Peptone (polypeptides). 


1. Acad Meterprotem.—^The general properties of the meta- 
proteins, the first degradation products in the cleavage of the proteins 
which occurs during digestion, are described on p. 66. We shall find 
later that, in pancreatic digestion, an alkali meta-protein is formed 
instead of the acid modification. The theory is now held that 
a protein is capable of playing the part of a base in virtue of its NHg 
groups, and also of an acid in virtue of its COOH groups. 

2. Protwjses.'—They are not coagulated by heat; they are pre- 
cip!tat«i but not coagulated by alcohol: like peptone they give the 
pink biuret reaction. They are precipitated by nitric acid, fAe J>re~ 

s&IteMi keaiimgy ami teafptar'mg when the liquid cools^ 





GASTRIC JUICE 


105 


TMs last is a distinctive property of proteoses. They are slightly 
diiFusible. 

The primary proteoses are precipitated by saturation with mag¬ 
nesium sulphate or sodium chloride ; deutero-proteose is not; it is^ 
however, precipitated by saturation with ammonium sulphate. Proto- 
and deutero-proteose are soluble in water ; hetero-proteose is not ; it 
requires salt to hold it in solution. 

3. Peptones. —-They are soluble in water, are not coagulated by 
heat, and are not precipitated by nitric acid, Copper sulphate, ammo¬ 
nium sulphate, and a number of other precipitants of proteins. They 
are precipitated but not coagulated by alcohol. They are also precipi¬ 
tated by tannin, picric acid, potassio-niercuric iodide, phospho-niolybdic 
acid, and phospho-tungstic acid. 

They give the biuret reaction (rose-red solution with a trace of 
copper sulphate and caustic potash or soda). 

Peptone is readily diffusible through animal membranes. 

The annexed table will give us at a glance the chief characters of 
peptones and proteoses in contrast with those of the native proteins, 
albumins, and globulins. 


Variety 

of 

Protein. 

Action 

of 

Heat. 

Action 

of 

Alcohol. 

Action 

of 

Nitric Acid. 

Action of 
Ammonium 
Sulphate. 

Action of 
Copper 
Sulphate 
and Caustic 
Potash. 

Diffusi- 
biliiy. ; 

I 

Albumin. 

Coagulated. 

Precipitated, 
then coagu- 
lated. 

Precipitated 
in the cold; 
fiat readily 
soluble on 
heating. 

Precipitated 
by complete 
saturation. 

Violet 

colour. 

Nil ‘ 

Clobulin. 

Ditto. 

Ditto. 

Ditto. 

Precipitated 
by half satu- 
ration; also 
preci pitated 
by MgSO^ 

Ditto. 

Ditto. ^ 

s 

1 

1 

1 

Proteoses. 

Not 

coagulated. 

Precipitated, 
but not co¬ 
agulated. 

Preci pitated 
in the cold; 
readily sol- 
u b 1 e 0 n ' 
heating; the^ 
precipitate ; 
reappears 
on cooling.^ 

Precipitated 
by satura¬ 
tion. 

1 

Rose-red 
colour ^ 
(biuret 
reaction). ! 

Slight. ' 

1 

Peptones. 

Not 

coagulated. 

Precipitated, 
but not co¬ 
agulated. 

Not precipi¬ 
tated. 

Not p^eipi- 
tated. 

Rose-red 

colour 

(biuret 

reaction). 

Great. | 

1 


1 In the case of deutero-albumose this reaction only occurs in tlae presence of excfe^ of ^It, 
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THE DIGESTIVE JUICES (continued) 

PAHCEEATIO DIGESTION 

1. A 1 per-cent, solution of sodium carbonate, to wMch a little 
glycerol extract of pancreas ^ has been added, forms a good artificial 
pancreatic fluid. 

2. Half fill three test-tubes with this solution. 

A. To this add half its bulk of diluted egg-white (1 in 10). 

B. To thio add a piece of fibrin. 

C. Boil this; cool; then add fibrin. 

3. Put all into the water-bath at 40“ 0. After half an hour, test A 
and B for alkali-metaprotein by neutralisation, for proteoses by nitric 
acid, and for proteoses and peptone by the biuret reaction. 

4. Note in B that the fibrin does not swell up and dissolve, as in 
gastric digestion, but that it is eaten away from the edges to the 
interior. 

, 5. In C no digestion occurs, as enzymes are destroyed by boiling. 

6. Take a solution of starch, equal quantities in three test-tubes. 

D. To this add a few drops of extract of pancreas (without 

the sodium carbonate). 

E. To this add a few drops of bile. 

F. To this add both bile and pancreatic extract. 

7. Pit these into the water-bath, and test small portions of each 
every half-minute by the iodine reaction. It disappears first in P; 

^ then in D; while E undergoes no change. Test D and F for maltose 

by Fehling’s solution. 

I This shows the favourable influence bile exerts on pancreatic 

digestion. It is, however, more marked stiU in the case of fats. 
(See 9, below.) 

8. Shake up a few drops of olive oil with artificial pancreatic juice 

^ Benger’s liquor pancreaticus diluted with two or three times its volume of 
1 per-oent. sodium carbonate may be used instead. 
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ESSENTIAL? C'^F CHEMIC4L PlIATIOLOr.Y 


l«xtr«t of f* 2 :rfai lad soiim car¥oaattl A milky iaii (cmalsioii) 
m formti, fr§m wMck tie oil io«i not imdilj scpamte oa stoadiiif. 

i. Boil 10 c c of milk ; coil; coloar witk m imiio.'tor (for 
mitMce, * fiw diops of aa alcoliolc solation of pkiisolpk*&alii 2 i), aad 
iiriie it imto two parti of 5 c.c. e*ck To one add & few iro^ of 
gif c«roI extract of ^bctcm ; to tie otker^ tie same Maotmt of 
^Bcreatic txtrart a ad a few drop of lile^ But etch into “tii® wimn 
bath Ii eacl the pink colour dimipears m fatty acids are 
hj ; tMs occmrs more rmpdif in tbc ipecimtn comtaiiiijQf bEe. 

fof^foimg expermeati iHastrate 'A® action ’ttiat iwnomlac 
Jmice hm m fcli tlrec d.asi©s of or^aic 

BUl^ 

1. Ox Me is pwm roand. ObseiFa its colour, teste, sniedl. Mid 
imctioB to litma* 

2. Aciialate m Ittl© bil« with 211 i«r-c«nt. acetic aciiL A stringy 
^cifitete of » mnciaoid sitetence is obteined. rater ttiis off and 
Ml tie fiteite ; ao p'otain coagulftMe by Imt is 

3. Aid » few ixo^ of Me to (a) acid-metaprotem pf^«r©d m 

in I^on ¥, md to (b) sointiom of proteoses to irMA lialf 
ita volume of 0*2 per-cent. hydrocMoric acid 1ms Imn addwi. A 
^miptet© ocCTJS m mA case. Bile salte precipitate tie nnpeptanised 
^©tem wMck Imjm tie stomaciL 
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formed m folomHlake ap wme bE® aad imi® sq^ Mntioii in a 
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fea^ down the ait of tl» tmto: it p:xidmcM a ]pff|de laloiir in 
tet frote, 

5. OMBUrS Tmr BOB MLE t© a Mttie fammg 

aiMc Mid (ke. nitric acid ci»taMii« rntrons mid ia wilaMim) m a tmi- 
tmto poitt ffstly » MtHe bilo, Mofece tiii raoc^aca of eolonrs—greea, 
bli», »d, yiHow— at tto janction of tie two IMs test 

say be ^fbrm^ on a t&t porc^^ dM; a drop of fniiiBg 
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^t^ied to li^^Ka HI. 
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Jfol ^ wstar; to mm aid a tow dropi of Mk, or cff Mle stilte 
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Sprinkle a little flowers of sulphur on the surface of each. It remains 
floating on the pure water; but where bile is present the surface 
tension of the water is reduced, and the sulphur consequently rapidly 
sinks. This test is very sensitive, and may be employed for the 
detection of bile salts in urine. 

7. CHOLESTEROL.—(a) Examine crystals of this substance with 
the microscope. Heat these on a slide with a drop of sulphuric acid 
and water (5:1); the edges of the crystals turn red. 

0>) Salkowshi's Beaction- —Dissolve some cholesterol in chloroform 
in a dry test-tube, and gently shake with an equal amount of concen¬ 
trated sulphuric acid; the solution turns red, and the subjacent acid 
acquires a green fluorescence. The chloroformic solution of cholesterol 
so reddened is rendered colourless by pouring it into a wet test-tube, 
and the colour is restored by the addition of sulphuric acid. 

(c) Liebermann-Burcifiard Reaction. —Two or three drops of acetic 
anhydride are added to a chloroformic solution of cholesterol and 
then sulphuric acid drop by drop. A rose-red colour first develops; 
this becomes blue and finally bluish-green. 

(d) Brejpao^ation of Gholesterol from Brain* —Ox or sheep’s brain is 
minced, and in order to remove the water is mixed with three times 
its weight of plaster of Paris. After some hours the mixture sets 
into a hard mass, which can easily be broken up. Some of this 
powdered material is given round. Add to the quantity supplied 
sufficient acetone to cover it. Allow it to stand for ten minutes, 
shaking frequently. Filter the acetone solution through a dry filter 
into a beaker, and allow the acetone to evaporate spontaneously. 
Cholesterol crystallises out; dissolve this in hot alcohol; place a drop 
on a glass slide and examine the typical crystals with the microscope. 
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Tilt PiE’UM^ >" i ” r' ^-^'1 LI- iL ^Yiiri; hetweeii the 

i ;a r ‘If '1 Hill ff u---* ^ if t Litf't’Iia! irIL*'. without ducts 
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in dasliis- j/ilu-, on the paiirrcatk secretiem are 

awi.ifh. |tih*rnHd \uth an artitldal jiiice, made by ftiixing a weak 
alkaliiii’ ‘idutiun il ptr-cent. MMiiuiii earlxmate) with an extract of 
kamna^. Thi |ui!k it‘a> >lioiiId be kept a>iiie time before the extract 
is fo.ade, so to i-iiMirt* that llie traRsfonnation of trypsinogen 
ink? trypsin lias taken pL« e. 

t>aa!itilalii e analysis ef liuraan paiiineatic Juice gives the following 
res^uits : — 

Water . . . . 97*6 |«r cent. 

(hganie sollcis , . , 1*8 „ 

liiorgaalc sails . . . 0*6 „ 

Dog's paiicrcatk' juice is ciinsidcTalily richer in solkis. , 

'file organic siikstinceb in pancreatic Juice are :--- 
pi) Eiiry^nics. I'tiese? are tlit* most mi|x>rtaiit both quantitatively 
and fuEctbnaily, lliey are four in number 

!. Twpsk, a proteolytic eiiEyiiie. In the fresh juice, however, this 
is present in the form of trypsinogen. 
ii. Aiiiylascy an anijlolytic enEyiiie. 
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iii. Lipase, a fat-splitting enzyme. 

iv. A milk-curdling enzyme. 

(b) A small amount of protein matter, coagulable by heat. 

{c) Traces of leucine, tyrosine, xanthine, and soaps. 

The inorganic substances in pancreatic juice are :— 

Sodium chloride, which is the most abundant, and smaller quantities 
of potassium chloride, and phosphates of sodium, calcium, and 
magnesium. The alkalinity of the juice is due to phosphates and 
carbonates, especially of sodium. 

THE SECRETION OF PANCREATIC JUICE 

One of the most effective ways of producing a flow of the juice is to 
introduce acid into the duodenum, and no doubt the acid of the gastric 
juice is the normal stimulus for the pancreatic flow. This flow still 
occurs when all the nerves supplying the duodenum and pancreas are 
cut, and it was held by Popielski and by Wertheimer and Le Page 
that it must be due to a local reflex, the centres being situated in the 
scattered ganglia of the pancreas and of the solar plexus. Starling 
and Bayliss, however, pointed out that it cannot be a nervous reflex, 
since it occurs after extirpation of the solar plexus, and destruction of 
all nerves passing to an isolated loop of intestine. Moreover, atropine 
does not paralyse the secretory action. It must therefore be due to 
direct excitation of the pancreatic cells by a substance or substances 
conveyed to the gland from the bowel by the blood-stream. ■ 

The exciting substance is not acid ; injection of 0*4 per cent, of 
hydrochloric acid into the blood-stream has no influence on the 
pancreas. The substance in question must be produced in the intestinal 
mucous membrane under the influence of the acid. This conclusion 
was confirmed by experiment. If the mucous membrane of the 
duodenum or jejunum is exposed to the action of 0-4 per cent, hydro¬ 
chloric acid, a substance is produced which, when injected into the 
blood-stream in minimal doses, produces a copious secretion of pan¬ 
creatic juice. The substance is termed secretin. It is associated with 
another substance which lowers arterial blood-pressure. The two 
substances are not identical, since acid extracts of the lower end of the 
ileum produce a lowering of blood-pressure, but have no excitatory 
influence on the pancreas. 

• Secretin is split off from a precursor, pro-secretin, which is present 
in relatively large amounts in the duodenal mucous membrane, and 
gradually diminishes in amount throughout the intestine until it 
entirely disappears in the ileum. Pro-secretin can be dissolved out of 
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Sa*! na aT' anlaiat at’ tin t liiniiaal rat enters or //a/a/naiei 
a-^tariiPi*! ■ ' f la* V'*nl%. f lidnne aiaurnuLiting to >how tkit hor- 
Ui .ta ^ jrr nxtrffotdy iinporiai:!. It h.Ls alrcadn ter insUnce, been 
'^‘••aTiian '.I’w i''‘.‘d ,,4 na/i i'Htorirtii .ln the irsiiit ef sali\ary dige^- 

t.'.fi, ar.i': ibr Ihea ^aslrif jiiit’e. Another is funned in 

the o ^aui** Atrurii r4 the ovary wbirli, pa^d^g intei tht nifvtlierA 
lari’ahatu’ri. 'diauLitvs the niairinue t»M.rJarge and sterile milk. 

1 he pare rtatii juire ik^vs ii»»t aet alonr an the ft >«d in the intiastiiies. 
rhere ana m Jtldilieii. the hike flit suca us eiiterieiiN and hatlerial aition 
ta i'siiisitlrred, 

1’lie smccBS ©atsricas or intestmal juice lias no arlioii on native 
prottum. It i> stated to pnst?ss a slight lipolytic action, and it 
apr«airs la liava* tn sonic extent the power of converting starcli into 
sugar : its best kiiywn actitiri on c^ar!x)liydfates, horn*ever, is due to an 
enjyiiie it cemtabs callttl mrtriase, wHcli converts sucrose into glucose 
,ir;d friictose (six p, 25) The term “inversion may Ix' extended to 
iiidmie iht* similar hydrolysis of other disaccharifies, although there 
may no ft cmation nf laoi>rotatory substaores. There art* two other 
imerting ra/yiiich in the siicfus eitericus, one of which acts on iiimltosej 
am! tlierthcr on ketoMu 

A ffw years agu, lumever, Favlc^ff sliowed that sucnis enter!cus lias 
d >ti!l more imprutant action, I'hich is to activate the proteolytic 
|x>wer of tile pancreatic juice. Fresh pitacreatir juice las very little 
ixjwcr oil for what it amtmm u not trypsin, !)ut its precursor, 

tryphinogen. 
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If tri'-^h pci!itn*atr diid intf‘->tinal art’ rnixiai tlie 

rt>uJt I- a wry pttwerfiil if niixtiirr. ihaiigh neithn jiiae !iy 

ilNtd!" lia> any protwilytir artivitia Hit* Mibstanrr i'- thr inteatiiial 
iiiisv that *rtivafc*s trvfi.siiiugt*!! or, in fllitT majrd". liberate^ trv|)>!n 
train trrphinogen, and has heeri rallrd by Pavluff anan/ynir x.if enzymes, 
or t'nftTii-AiMaSi'. 

Dixon and Haiiiillb v\f^rk made .still ekartn tlie iiiertiaiiiMii 
of fianrreatio secretion. I'hern are in thf* paiicrteis thrrt? pna/urM'irs 
of en/ymes, namely, protrypsinogen, prmimyLise, and |iralipase. 
Secretin combines chemically, or at any rate a.it> < heoiically, on all 
three ; it lil)erates amylase and lipase from tlieir pranirsors, and these 
two active enzymes pass intcj the pamTeiitir jiiire. It liberates tryp- 
siiiogen from protrypsinogen, and trypsincigen passes into the juice; 
finally trypsinogen is converted into the active erizyiiie trypsin by the 
entero-kinase of the succus enterinis. 'rrypsiiiogeii ap|>ear> to be a 
complex consisting of trypsin united to a pniteiii moiety, and as long 
as the enzyme is combined in this way, it is inactive : eiitero-kina.se is a 
proteolytic enzyme which digests the protein iiioitty, and thus lil>erat€s 
the trypsin (J, Mellanby and Woolley). 'Tiie view has been advanced by 
Herzen that the spleen sends a hormone to the pancreas which assists 
in the elaboration of trypsinogen, but the evidence in favour of this 
hypothesis is not generally regarded as convinciig. 

Intestinal juice contains another enzyme called erepsim by its dis¬ 
coverer, Otto Cohnheim ; this is a p>eptolytir enzyme, and breaks up 
proteoses and peptones into their final cleavage prcjdiicts, the amino- 
acids, and so assists the action of trypsin. The only native protein 
which it digests is caseinogen. 

ACnOlf OF PAMCEEATIC JUICE 

The action of pancreatic juice, which when activated is the most 
pow'erful and important of all the digestive juices, may l^ described 
under the headings of its four enzymes, 

1. Action of FryiKiii.—Trypsin acts like pepsin, but with certain 
differences, which are as follows 

(a) It acts in an alkaline, pepsin in an acid mediimi. 

{h) It acts more rapidly than pepsin ; deutero-proteoses can be 
detected as intermediate products in the formation ©f f)eptoiie; the 
primary proteoses have not been detected. 

(r) Alkali-metaprotein is formed in place of the acid-metaprotein 
of gastric digestion. 

{i) It acts more powerfully on certain proteins (such as ekstki) 
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a" eai ; .ant di.i*v,j ^a'al. arairaiit', tr^ pa ■pbiii., and tnany utlier^. 
Vr . iriaala 71 a.nd |ae/|rrrtit> af iLcm' edmaye pn^iuits are 

rd I fi i n ’-p Ik ia >t. In adiiitkai to tlit‘si there is a certam 
uWAduZl i I .ar anra the led ^ebur \Uiidi a tnplic digest strikes 
v%i:k » j'brra* . r It nainr water 4lyt* lo tlx prisince of tryptfiphaiie 
dial h’-a!xdi>-p! aoteek- iridl. 

\V»xn I L e th“ ]xi4 'lie >tage h p»r-'t‘d. !ix‘ piocfyiis 4 >f furtlier 
i .uage te ' ! tut I ^’\e tlx* taunt n*ac tioii; k nee tlity art* frei|iiently 
terixed jhsJKhi . 

A larkdde trartiori of the protein ixikxiilc is hraken off with 
Mrj|uratiie m.-e, su llxit ciTtain free iifiiirioxtcids ap|xar m the 
niixlun , at a tJFx when tlx* reniamtier are sill! linked together as 
|xo\ peptidfx, lUit ultimately the whale inolceuie is resolved into 
airaiic t-aiit!*-, e it tier tiitirely >cpdTatei!, or in very sliort iiolypeptide 
liakag'es, 

ft wil! thus hf seen that there arc two important ditferences Ixtweeii 
pi p^in and irifwio ; one is a differenee tif tle^rec, trypsin being by far 
tile more fMiwerfuI and rapid catalyst ; the second is a difference of 
kind, pepsin noit Ixdiig a hie to cleave pjlypeptitles into amino-acids in 
the way trypsin tan. Ilir prelimimiry action of pepsin, however, is 
Ixiitkcial, tix trypsin cleavage tveurs more readiiy after pepsin has 
ai ti’cl on a protein, 

2, Afitioa of AmflMe.—Tiie coiiversicfii of starch into maltose 
is the most ni|iici of all the actions of the pancreatic jure, its power 
in this diretiion i> miii-h greater than that of saliva, and It will act 
twen on uiiIk ttlecl starch. The absence of this enzyniie in the pancreatic 
juice of infants is an indicatbii that niik, and not starch, is tlicir 
natural diet. 

3. Action « FatB.-'These are split by imncrcatk lipase into 
glycerol and tatty acids. The fatly adds unite with the alkaline 
bases present to form soaps (sapidmi^tafim, see p. M). If a glycerol 
extract of |>aiirreas is filterecb the filtrate has no lipolytic action ; the 
riiaterial deposited on the filter is mIsc# inactive, but on mixing it with 
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the- inactive filtrate once more, a strongly lipolytic material is 
obtained. In this way lipase is separable into two fractions : the 
material on the filter is inactive lipase ; the material in the filtrate 
is its co-enzyme ; the latter is not destroyed by boiling. Bile salts 
also activate the inactive lipase, and this explains the fact that bile 
favours fat-splitting. 

Pancreatic juice also assists in the emulsification of fats ; this it 
is able to do because it is alkaline, and it is capable of liberating fatty 
acids which form soaps with the alkali present; the soap forms a film 
on the outer surface of each globule, and this prevents them running 
together. Emulsions are much more permanent in the presence of 
colloids, such as gum or protein. The presence of protein in the 
pancreatic juice renders it therefore specially suitable for the purpose 
of emulsification. 

4. Milk-curdling Enzyme. —The addition of pancreatic extracts 
or pancreatic juice to milk causes clotting ; but this action (which differs 
in some particulars from the clotting caused by gastric rennet) can 
hardly ever be called into play, as the milk upon which the juice has to 
act has been already curdled by the rennin of the stomach. This action 
is, as in the case of pepsin, possibly a function of trypsin. 


BACTERIAL ACTION 

The gastric juice is an antiseptic ; the pancreatic juice is not. An 
alkaline fluid like pancreatic juice is just the most suitable medium 
for bacteria to flourish in. In an artificial digestion the fluid soon 
becomes putrid, unless special precautions to exclude or kill bacteria 
are taken. It is often difficult to say where pancreatic action ends 
and bacterial action begins, as many of the bacteria that grow in the 
intestinal contents (having reached that situation in spite of the gastric 
juice) produce enzymes which act in the same way as the pancreatic 
juice. Some form sugar from starch, others peptone, and amino- 
acids from proteins, while others, again, break up fats. There are, 
however, certain actions that are entirely due to these putrefactive 
organisms. 

i. On carbohydrates. The most frequent fermentation they set 
up is the lactic acid fermentation; this may go further and result in 
the formation of carbonic acid, hydrogen, and butyric acid (see p. 27). 
Cellulose is broken up into carbonic acid and methane. This is the 
chief cause of the gases in the intestine, the amount of which is 
increased by vegetable food. 
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Ri < , ff m I a'ch. A very I'haracteristic action of putre* 
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!!o' -pidtirij^ fl I t raib jnie add from their carboxyl (COOH) group, 
aiiJ the !;£oc!mtii'Ti cjf amines according to the following equation:— 

lAI-T R.NHj 

i j f CO 3 , 

CCM'IH H 

E in the orpiation leprtsents the radical whicli varies in the 

tJifleren! nirniht'rs nt tb amiiii>arid group iTHg in glycine, QHi in 
aLiJiinr. * :*Hi© jcucnitF etc.). 

It has iH'cii i^noiU'i for stsiiie time that the well-kiiowm putrefactive 
IbMtfi’si IM' and e^id.31 irfm' are formed in this way from ornithine 
Aiid iydne rmptsti\'cly * -- 

XIIATim tdTII, CILN1L.C001! ML.ilI,.C14ClI^CH^Ni:l2 4 COg 

aciJi ipatrtrfccilBe l-t letrametbykne-diamine] 

N H.,( H. CII..fl !,.C 

‘ 07 l'*U 'L' .i«, i ''•* . NIT.CIT i:ii2.CI4CH5,€Ha.^TT. + CO>2- 

fca. 4 a\e«rie -cc feiiia»cthyl«n« «jia»ite} 

Recentiy, htwevrr, it has lii'^cn lerognisect that tills decarboxyla¬ 
tion <j| aniiric-acid.s R a genera! reaction of certain putrefactive 
ofganiHins, am! that a whole series of bases is obtainable, w^hicli are of 
c‘am.idiT*ible physiological iiikTcst. For example it wm found that 
during the pntreiaction of meat and placenta, leucine and tyrosine 
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art.* i'MiivtTtecI into the baM‘> i'^ti-diiiyLiniinr din.i cjxv|)henvktliCamine 
rt‘:>|.R'tlivi*Iy:. 

c'n.ciucH.Nn,.coau =Cj| . n,i n.< cu. 


lleiiciac or amint>caprck »cii!j 




Oll.C„H,.CII..CH.NH.X 0 Oll ^on C.S!>C'l'- -Ni: * 0 -'. 

ii\rosine orosyphtnyLilaninel . W'‘-ersy - 5 ^ r 

These two bases exert a pressor action on arterial !sle«;.kl-fJr■t*^^ure 
similar to that of adrenaline, and it is most prul^alile that the pressor 
bases contained in normal urine during a liberal meat diet owe their 
origin to bacterial action in the intestine. I'lie kise oxyphenylethyl- 
amine lias also been found in extracts of ergot—the fungus which 
develops in theoraries of certain grasses rye) ; the enzymes of this 
fungus are able, like bacterial enzymes, to liecarbcixylise not only 
tyrosine, but also histidine and arginine, the bases fiirnied lacing irni- 
(lazolethylamine and agiiiatine respectively, as '^hown below m ■ 
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Imidazokthylaraine (hisia mine) has also lieen obtained from 
histidine owing to the action of putrefactive bacteria in the intestine. 
Very small closes low^er blcKDd-prcssure enormously by tctively dilating 
the capillaries. The base agmatine was first discovered in herring 
roe. There is no doubt that the plmrniacolcigical action of ergot is 
in part due to these bases. 

Quite analogous to this is the formiticHi of amino-butjTic acid from 
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ri'.ii,. and /iriLmdu,' fraiii .isp^irtir ac*id during putre- 
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MITIEPATIOli OF THl PANCREAS 

IA Vli’ -iir' \aI uf thi‘ paiirreas in animals and diseases of the 
r-tn r*.U' ’"1 iTdn a I'niiilitkm of diabetes^ in addition to the 

AAthn in tlir intei^tines. Grcafting the pancreas 
*^>^0 anrihir minimal ktt» the af»dc"»men of the anima! from which 
pam rtu^ lia*- hern preYioii'^lr removed relieves the diabetic 
f .ihlltkm 

H.iw thr fanmM acts otherwi^-e than in producing the pancreatic 
;'a> r !i >t 1'irt‘rdflv known It must, however, have other functions 
! ) fhe meUlolic phenomena of the body, which are 

bi' Ti m^wal or iMm asf vf the gLintl. TMs is an illustration of 
il truth vi/. th4l tueli part of the iKxiy d(^s not merely do 
4 %’r\ s^.xUi but k roneemed in the great cfcle of changes 

wfbi !i b «tidt .! genera! inetalK>liMn Interference with any organ 
11.4 ordy sptcifif function, but causes disturbances through 
the |2c‘nerally» The interdepencieece of the circulatory and 

rw-piratniy a well-knriwfi instance. Removal of the thyroid 

gLind iiyKCtH the whole hxiye producing widespread changes known 
invvfvtlrmu Removal of the testes prcxluces, not only a loss of the 
'^perTiiatir serrrtiim, but rh^inges the whole growth and appearance 
of the aiiiuiuL This is areounteti for by the hypothesis that such 
g Lint In |ir.'>tlafe mi internal serretirm, w^hicli leaves the gland zma the 
hmph or veni^us and is then distiibuteci to minister to parts 

tJswhtn* Rtmowil fif surh emdcjcrine glands as the thyroid or 
Mifirartiial prcMliitvs diseast^ or death because this internal secre¬ 
tin >11 ran iiti longer lie Icimietl In the pancreas, the external 
NPfntiun of the paEcreas (that is, pancreatic juice) is formed by 
Ihc rtdk liriiig thf’* ai'ini, aiitl the interml secretion, stoppage of 
wliitii in Mtiiie way leads to diabetes, has l^en attriliuteci to the islets 
of Taegertutns, 
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€lYii?sMrm (.sugar in the urine) crmrs in many eonditioos. It may 
be a temporary condition, as in alimentary glycosuria, wMch is due to 
excess of carbohydrate food, dr a comparatively inactive liver which is 
incapable of dealing with the usual carbohydrate supply. It may be 
produced by injury to the floor of the fourth ventricle (Claude Bernard’s 
celebrated puncture experiment), but only when the liver has within 
it a store of glycogen. The injury to the bulbar centre mfiuences thus 
the nervous mechanism which regulates the glycogenic function of the 
liver. In diabetes niellitus, the t^y is unable to utilise sugar! w binn¬ 
ing it, and so lil>erat2ng heat and energy ; sugar therefore accumulates 
in the blood and overflows Into the urine. In some cases rigid absten¬ 
tion from carbohydrate food makes little or no difference, and the sugar 
must come from the protein constituents of protoplasm, alanine being 
one of the most important of the intemiediate products, \%eii 
the pancreatic functions are in abeyance, the dial^tic state is due to an 
impaired capacity to oxidise sugar down to its ultimate products, 
carbonic acid and water. The destruction of sugar hy the tissues is 
termed glycolysis, and one view advanced is that the internal secretion 
of the pancreas activates‘the glycohdic enz}’m€ ; therefore when the 
internal secretion of the pancreas is absent, the activating impulse is 
absent also. There are many difficulties, however, in accepting this 
view. Adrenaline, the secretion of the suprarenal medulla, prcxiiices 
an increased discharge of sugar from the liver, but under normal 
conditions this is inhibited by an antagonistic hormone secreted by 
the pancreas. The most satisfactory view of pancreatic diabetes is 
that it is due to the absence of this antagonistic hormone. 

Many drugs and poisons produce glycosuria, but the most potent 
of them is phloridzin ; this substance causes diabetes in animals which 
have no glycogen in their tissues, and phloridzin-diabetes is analogous 
to those severe forms of diabetes meliitus in man in which the sugar 
must come from protein katabolism. Curiously enough, in phloridzin- 
diabetes the blood shows no excess of sugar, but this is probably because 
the drug renders the kidney so permeable to sugar that the outflow into 
the urine cxrcurs at such a rapid rate that the percentage in the Mood 
is kept at a low figure. 

Ja^mss^—'Thls condition is seen in diabetes ; poisonous acids in 
the blood produce a state of coma, or deep unconsciousness, which may 
finally cause death. For a diabetic patient is not only unable to burn 
and so utilise carbohydrate, but he fails in a similar way in his utilisa¬ 
tion of fat. Butyric acid and /i-hydroxybutyric acid are probably 
normal intermediate products in fat katalx>lism, but a healthy man on 
a normal diet is able still further to oxidise them into cart»iiic acid 
and water. But on an abnormal diet, for instance, when cartohydrate 
feed is absent, fat-cleavage largely stops short at the hydroxy butyric acid 
stage ; consequently this and possibly other related fatty acids accumu¬ 
late and addesh ; this condition is increased the more fat is 
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given ill the fooih and the acidosis of diabetes is similarly increased 
by fatty fi.c>c!. These poisonous acids were once believed to originate 
from proteins ; if that were so there ought to tje an increase of other 
protein kataboliteh in the iirint% which there is not. The acids decrease 
the alkalinity anil c‘arf3onic acid of the blocd, and the amniania of the 
urine is increased; this indicates an attempt of the body to neutralise 
the acids. 

The liydroxyhiityrir add does not pass entirely unchanged into the 
urine. /THrdroxyliutyric acid is 

datkio, thetwo hydrogen atoms in thick type are removed to form water, 
and this leaves rH^.CCl.CH^.GDOH, which is aceto-acetic acid : when 
the COO in tliiek type is removed we get acetone (CH3.CO.CH3), 
which gives the hreatli and urine of such patients an apple-like smell. 

In these changes the liver plays an important part by means of 
c'ertain enzymes wliidi Bakin Ms proved to exist. One enzyme, called 
is an oxidase; it oxidises the /i-hydraxybutyric 
into aceto-acetic acid, and its action is increased by the addition of 
blood or oxyhainoglobin, whichi furnishes the necessary oxygen. It 
probably is active in health as well as in disease, the aceto-acetic acid 
being finally burnt into carbonic acid and water. The other enzyme 
w^hirh forms acetone is not an oxidative one, and acetone formatian 
probably never occurs in the healthy state. 

The question of diabetes is an important one, and the foregoing 
paragraphs have treated it only in outline ; the student should consult 
a general text-book ©n Physiology or Patholog}" for a full consideration 
of the subject. 

TEE BILE 

The liver is an organ which has many functions; one of these, the 
glycogenic function, is referred to in the preceding section; it also plays 
a part in the nietaMlism of proteins (see formation of urea and uric 
acid) and of fats. In this place, however, we are specially concerned 
with its secretion, namely, the Bile. 

BUe is the secretion of the liver which is poured into the duodenum : 
it has been colerted in living animals by means of a biliary fistula; the 
same operation has cK'casionaily been performed in human beings. At 
death the gall-bladder yields a go<xi supply of bile which is more con¬ 
centrated than that obtained from a fistula. 

Though the chief blixxi supply of the liver is by a vein (the portal 
vein), the amount of b!c 3 rxi in the liver varies with its needs being 
increased during the periods of digestion. This is due to the fact 
that in the area from which the |K)rtal vein ooll«ls blood—^stomach, 
intestine, spleen^ and pancreas—the arterioles are all dilated, and the 
capillaries are thus gorged with bkxxi. Further, the active peristalsis 
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of tlie intestine and the pumping action of the spleen are idditional 
factors in driving more bl<x>d onrards to the liven 

The bile is secreted from the porta! blood at a ranch lower pressure 
than one finds in glands, such as the salivar}^ glands, the blood supply 
of which is arterial. Herring and Simpson have found that the pres¬ 
sure in the bile duct averages SO tnm. of mercury^ which is consiilerably 
aliove that in the portal vein. 

The increase in the flow of bile which exTurs after the airfval of 
the semi-digested fcK)d (chyme) in the intestine has been explained 
the circumstance that secretin is a stimulant of the liver as well as Cif 
the pancreas. The action of secretin on bile is not, however, a pro¬ 
nounced one. The most efficient cholagogue known eonsi>ts of the 
bile salts themselves ; these, after entering the intestine, are reuh sorbed 
and return to the liver, and once more 
stimulate that organ to activity. j? * 

The chemical processes by which the ^ 

constituents of the bile are fomneci are ^ ^ ^ M ^ ^ ^ 

ol)scure. We, however, know that the m 

biliary pigment is produced by the de- ^ 
composition of haemoglobin. Bilirubin “ ^ ^ ^ ^ ; 

is, in fact, identical with the iron-free 
derivative of heemoglobin called hsema- 
toidin, which is found in the form of 

crystals in the old blood clots such as Fia. is.™H*siai 0 aia crystal*, 
occur in the brain after cerebral haemor¬ 
rhage (see fig. 18). Moreover, bilimbin yields hajmopyrrol, a 
substance also obtained from blood-pigment. 

An injection of hsemoglobin into the portal vein, or of substances 
such as water which liberate hsemoglobin from the red blccMi 
corpuscles, produces an increase of bile pigraent. If the spleen 
takes any part in the elaboration of bile pigment, it does not prex^erd 
so far as to liberate hsemoglobin from the corpuscles. Ko free 
haemoglobin is discoverable in the blcMxi-plasina in the splenic vein. 

The amount of bile secreted is differently estimated by different 
observ^ers ; the amount secreted daily in man appears to vary from 
5(30 c.c. to 1 litre (KXK) c.c.). 


THE OOMSTinJElTrS OE BILE 

The constituents of the bile are the bile salts proper (taurocholate 
and glycochokte of soda), the bile pigments (bilirubin, biliverdin), a 
TTiueinoid substance, small quantities of fats, sculps, cholesterol, lecithin. 
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urea and iiiiiieral salts, of wliicli sodium chloride and the phosphates 
of if. -n, r.dc 'uir , and are the most important. 

Bile i-. a eellowiCfi, redciish-fjn nvn or green fluid, according to the 
rilati\e prrt^^mdcrant’e of it.s twci iLief pigments. It has a musk-like 
s'Mluiir. a Mitcnswuil taste, and a neutral or faintly alkaline reaction. 

The i^raiitv uf hunian Idle from the gall-bladder is 1026 to 

ic;TJ : that frnm a iBiiiki, iHlti to If HI. The greater concentration 
of gulf TliCiilt-r ’>dt‘ i'' partly But not wholly explained by the addition 
to It ipim thv wSils Iff that cavity of the mucinoid material. 

The amount of snIicLs in gall-bladder bile varies from 9 to 14 per 
rent., in tistiiki bile from 1*5 to 3 per cent. The following table shows 
that this low |)tmceiitiige of solids is almost entirely due to want of bile 
salts. Tlli^ am Im' acruonteci for in the way first suggested by Schilf— 
that tlirre is normally a bile cirrulatioii going on in the body; a large 
ci'iianlky of the fiiie salts whicdi pass into the intestines is first split up, 
then reiibsorf)cd and again secreted. Such a circulation would obviously 
be* iiiipcxssilile in cases where all tlie !)ile is discharged to the exterior. 

Tile following taf>le gives some important analyses of human 
bile 


Constitiiefits. 

Fi>iiila Bile 
fileaithy Woman. 
Cof^raan and 
Wimtoni. 

F'istula Bile (Case ' 
of Cancer. Yeo 

1 and Herroun). i 

Normal Bile 
(Frerichs). 

Scxiiiiii flycochoiate 

* }- 1 

' 0"U15 

I 9-14 

SrfiiM tiarixjliokte 

0*05^ 

Fats aocl lipoids 

mm) 

0*038 

1-18 

Macinoiii material . 

IB 17*2^ 

j 1 0-148 


Pigiieit 

OW‘25 


Iii&rga&ic halts 

«B4510 

■ 0-878 

1 _ ! 

: 0-78 

Total solkls . 

1 -42^1 

i xm 

14*118 

Water fby ciilferencel 


^ IMl*710 : 

85*92 


IfMJDim 

i m^m 

i 100*00 


.l.__...I 

Bilt Mueim.—Tliere has been considerable diversity of opinion as 

to wteler the bile niucin is really inucln. Work in Hammarsten’s 
Imborttory shows tlmt differences wxur in different animals. Thus 
in the m there is very little true mucin, but a great amount 
of nucleo-protein; in human bile, on the other hand, there is very 
little if any mideo-prcstcin ; tie nmeinoid material present thefe 
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is really murin. (On the i^cneral characters of Mucin and ^'rcLEO- 
PROTEINS, see pp. 62 to 65.) 

The Bile Salts.--The bile contains the scxtiuni salts of complex 
acids called the bile arids. The acids most frequently found are 
glyccx'holic aiicl taiirtxholic acids. The former is more abimdant 
in the bile of man and herbivora ; the latter in camivcra such as the 
dog. The most important difference between the two aeid> is that 
taurcx'holie acid contains sulphur, and glycwhoiic acid does not, 

Glycockolic acid (CggHigKOg) is hydrolysed by the action of 
dilute acids and alkalis, and also in the intestine, ami split into glycine 
or amino-acetic acid and cholalic acid :— 

-p H/J = €H2,NH2.C00H + 

Iglycochulir acid! Iglycinel icboialic acid} 

The glycocholate of sodium lias the formula 

Taarocholic acid (C 2 gH 45 M 07 S) similarly splits into taurine or 
amino-ethyl-sulphonic acid and cholalic acid:™™ 

C^Hu^OjS + H,0 =aH4.NH2.HS03 + €24H^05 

[t aurocholic acid 1 | taurine ] I cholalic a*:’id | 

The taurocholate of soda has the formula € 2 |H 44 MaN 07 S. 

Glycocliolic and taurocholic acids have been prepared synthetically 
from cholalic acid and glycine^ and taurine respectively. 

The colour reaction called Tetteniofers ametiom, descril^ in 
the practical exercises at the head of this lesson, is due to the presence 
of cholalic acid. The sulphuric acid acting on sugar forms a small 
quantity of furfuraldehyde, in addition to other products. It is the 
furfuraldehyde -which gives the purple colour with cholalic acid. 

The Bile Pipnents.—The two chief bile pigments are bilirubin 
and biliverdin. Bile which contains chiefly the former (such as dog’s 
bile) is of a golden or orange-yellow colour, while the bile of many 
herbivora, which contains chiefly biliverdin, is either green or bluish 
green. Human bile is generally described as containing chiefly bili¬ 
rubin, but there have been some cases described in which biliverdin 
was in excess. The bile pigments show no absorption bands with the 
spectroscope. 

Bilirabiii has the formula : it is thus an iron-free 

derivative of haemoglobin. The iron is apparently stored up in the 
liver cellSj perhaps for future use in the maniifacture of new haemo¬ 
globin. 

The bile contains only a trace of iron. 

Biliverdin has the formula (i>. more oxygen than 

bilirubin) : it may occur as such in bile ; it may be formed by simply 
exposing red bile to the oxidising action of the atmosphere ; or it may 
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tie fornieJ, 'n rinit^linV test, by the more vigorous oxidation produced 

fuirJiv^ rafri' .b itL 

tetlias tcit of a play of colours— green, blue, red, and 

finallv ycll.iw -yr-kluecd by tlie oxidising action of fuming nitric acid 
ttiut b, nitric acid tontaining nitrous acid in solution). The end or 
ydbew prrniart is (‘ailed ck)!ete!in, €331^35X^40 Occasionally in 
vcirl'/a^ animals these pr ducts of intermediate oxidation are found in 
the hik; thus hilicyanin (the !>lue pigment) and bilipurpurin (the 
purple one I may be present. 

gyAmMlI.rnbln —If a s(3lutioii*of bilirubin or biliverdin in dilute 
alkali is tiratcil with sodium amalgam or allowed to putrefy, a 
Imwnisli pigment is formed called hydroMlimbin, C32,H44N407. With 
the ^pfctrosrofX" it ^fiows 1 dark absorption band between b and F, and 
n fainter Ikinci in the region of the B line. 

IroMm.— Hydrohiiimbin is interesting because a similar sub¬ 
stance 'b foriiieci from the bile pigment by reduction processes in- the 
intestine; this is skreoBiim, the pigment of the faeces. Some of this is 
absi tbed and ultiniat€‘ly leaves the kxiy in the urine as one of its pig¬ 
ments called A small t|iiantity of urobilin is sometimes found 

pirefonned in the bile. The identity of urobilin and stercobilin has 
frequently disputed, but the work of Garrod and Hopkins has 
t'onnrratHl the old statcnient that they are the same substance with 
different names. ITobilln has a well-marked absoip»tion band in the 
region of the F line, and when partially precipitated from an alkaline 
»oIi 2 tM® by aeidiffration, it also shows an absorption band in the region 
€fi the E line. HydrobiliruMn differs from urobilin in containing much 
imre nitrogen in its molecule (9“2 instead of 4T per cent.), and is 
probably a proluct of less complete reduction than urobilin. (See 
further, Lesson XXT,) Urobilin is also fornied by the oxidation of 
hxmopyrrol (see HierKogloMn, p. 148). 

Okol^torol—fn bile this substance is normally present in small 
quantities only, but it may occur in excess, and so form the concretions 
kii4>wii as g4llslc3nfs, which are generally more or less tinged with 
bilirti!)!!!. Its chemiral charaitiTS and physiological importance are 
(IiXc^ussed on pp. 38, 39; its colour reactions arc given in to-dayk 
prartical extTrises ip, IfB). 

THE mm OF BBkE 

Bile is doubtless, to a certain extent, excretory. In some animals 
it has a slight action on fats anti .starch, hut it appears to be rather a 
emcllitdf to the paiierratic Juice (especially in the digotion of fat) than 
to have any Indcperifieiit digestive activity. Its auxiliary action in 
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the digebtion of fat and starch has been shown in our practical 
exercises (pp, 11)7-lilS). It has a similar slight assisting power in the 
digestion of proteins. 

Bile L said to lie a natural antiseptic, lessening the piitrcfMliv'e 
prtx'cshcs in the iiiiistine. l’hi^ is vt*rv doubtful. Though the bile 
salts are weak aiitiNcptics, the I)ile itself is readilv putrescible, and 
the power it has of diminishing putrefaction in the intestine is due 
chieily to the fact that by increasing absorption it lessens the 
amount of putrescible matter in the bowel. 

When the bile meets the chyme the turbidity of the latter is 
increased, owing to the precipitation of mipeptonised protein. This 
is an action due tu the bile salts, and it lias been surmised that this 
conversion of the chyme into a more viscid mass is to hinder soinewhat 
its progress through the intestine: it dings to the intestinal wail, thus 
allowing absorption to take place. The neutralisation of the acid 
gastric juice by the bile also allows the alkalinity of the pancreatic 
juice to have full play. Bile is a solvent of fatty acids, and assists the 
absorption of fat. 

THE FATE OF THE BIUABY OO^STinCTEIfTS 

We have seen that fistula bile is pcx>r in solids as compared with 
normal bile, and that this is explained on the supposition that the 
normal bile circulation is not occurring-—the liver cannot excrete 
what it does not receive back from the intestine. ScMff was the first 
to show that if the bile is led back into the duodeiiunp or even if the 
animal is fed on bile, the |>€rcentage of solids in the bile excreted is 
at once raised. It is on these experiments that the theory of a bile 
circulation is mainly founded. The bile circulation relates, however, 
chiefly, if not entirely, to the bile salts: they are found but sparingly 
in the faeces; they are only represented to slight extent in the urine ; 
hence it is calculated that seven-eighths of them are reabsorbed fmm 
the intestine. Small quantities of cholaiic acid, taurine^ and glycine 
are found in the fseces; the greater part of these products of the 
decomposition of the bile salts is taken by the portal vein to the liver, 
where they are once more synthesised into the bile salts. Some of the 
taurine is absorbed and excreted as tauro-carbamic acid HCO. 

N HgHSOg) in the urine. Some of the absorbed glycine may be excreted 
as urea. The pigment is changed into stercobilin, a substance like 
hydrobdirubin. Some of the stercobilin is absorbed, and leaves the 
body as the urinary pigment, urobilin. The cholesterol in the feces 
was formerly supposed to be a bile residue ; but in some animals, 
especially those which feed on grass, the source of the fecal cholesterol 
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tlir hok*^tt‘rr>! (phytostcTolI of fbe food. In some cases 

if ;> rt'duad to Ir^rrK deriiative tiTiiied iffmsieritL 

fie f«ces are .ilkaline in reaction, and on an ordinary mixed diet 
CMniain »('an|: jrati\Tiy little food residiirs, and a small quantity is 
ixiFitt'd C'\eR during ^Ul^vatrm. Voit and Herniann showed inde- 
pcnilenthc that an int€>tinal Icop which had heen emptied and separated 
from the rest of the bowel r(iiitained, a few days later, material identical 
with fiLTes. and consisting of intestinal juice, desquamated epithelium 
it Its, and bacteria. The increase in the amomt of faeces which occurs 
will'll hx^Ml is taken, even when the focd is free from cellulose, is due 
to the imThanical and chemical stimulation mhich leads to an increase 
in the ^ihtus t'OliTirii.s, and in the shedding of epithelial cells. The 
L€fe> rontaifi alxmt 1 per cent, of nitrogen, but this is chiefly contained 
in the In^dieh of bai teria. and the disintegrated epithelial cells. Addi- 
tinri of protein to the diet makes practically no difference to the 
nitrogen in the t\iwv> under normal conditions. 

The addition of cellulose to the diet increases the bulk of the 
fiwes, partly because inost of the cellulose is unchanged, partly 
because it stimulates the mucous membrane to secrete more 
siiccus entericus, and finally because the larger focxl residue favours 
the devekipiiient of bacteria. On an average, from one-third to one-fifth 
Ivarying with the diet) of the weight of dried feces consists of bacteria. 
The average weight of dried bacteria excreted daily is 8 grammes; 
this contains b'8 gramme of nitrogen, or about half the nitrogen of 
the faeces. Strasburger estimated that about 128,CMX),(K}(),0(X),()CX) 
bacteria are evacuated in the feces of a man every day. The vast 
maiority of these are dead. 

When cellulose is absent from the diet, the feces contain from 

to 75 |jer cent, of water ; the dry residue contains about 7 per cent, 
of nitrogen, and the non-nitrogenous material consists of about equal 
quantities of ash and substances soliibk in ether, with small quantities 
of slercobilin and other bile residues. The ash contains mainly calcium 
phosphate, with small amounts of iron and magnesium. The ethereal 
extract contains cholesterol, lecithin, fatty acids, soaps, and a very 
small amount of neutral fat. The pn>teiiis are chiefly mucin and 
iiucleo-protein, and arc derivwi not from the fcod, but from the 
iotestinai wall, or are contained in the bacteria; no doubt a large part 
of the ethereal extract is also supplied by the bacteria. 

Cellulose is thus the only important constituent of the food which 
is un^ccted by the digestive juices, although a variable amount, 
which k largest in herbivorous animals, undergoes bacterial decom- 
positiom. The presence of celulose also interferes with the absorption 
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of proteins^ for the digestive juices have difticulty in penetrating the 
cellulose membrane.N of vegetable cells. Thus Voit found that 12 per 
cent, of the nitrogen in the food were lost in the feces of a vegetarian* 
This is due solely to the cellulose and not to any difference in the 
digestibility of animal and vegetable proteins, for if vegetable foivd is 
finely subdividedj and then thoroughly cooked and softened., this loss 
is lessened, and if vegetable protein is entirely freed from rellulc.'.se 
it is as thoroughly absorbed as animal protein. Fifteen per cent, of 
the dry substance of green vegetables and brown bread, 2P per cent, 
of carrots and turnips, and a still larger amount of beaii> are lost in 
the faecal residue. 

The intestinal contents travel more rapidly when vegetable^ are 
present, for the indigestible cellulose stirnulates peristalsis and there¬ 
fore a large quantity of water escapes absorption in the colon. Thus 
on an ordinary mixed diet 35 grammes of dry substance and It^J 
grammes of water are daily excreted in the feces, whereas on a 
vegetable diet the quantities are 75 and 260 gramme^ respectively. 

mecomium: 

Meconium is the name given to the grcenIsh-Mack coiitentb of the 
intestine of new-born children. It is chiefly concentrated bile, witli 
de'Ms from the intestinal wall. The pigment is a mixture of bilirubin 
and biliverdin ; it is not stercobilin. 

AMOEPTIOE 

Food is digested in order that it may be absorbed. It is absorbed 
in order that it may be assimilated—that is, become an integral part 
of the living material of the body. 

Having now considered the action of digestive juices, we can study 
the absorption which follows. In the mouth and (esophagus the 
thickness of the epithelium and the quick passage of the food through 
these parts reduce absorption to a minimum. Absorption takes place 
to a small extent in the stomach ; the sriiali intestine, with its folds 
and villi to increase its surface, is, however, the great place for absorp¬ 
tion ; and, although the villi are absent from the large intestine, 
absorption (mainly of water) occurs there also, but to a less extent. 

Foods such as water and soluble salts like sodium chloride are 
absorbed unchanged. The organic foods, however, are considerably 
changed, colloid materials such as starch and protein being converted, 
respectively into the diflfusible materials sugar and amino-acids. 
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We thus see that tht cells of tliel'HMl} the pav\ rr 1 »f ri‘l' oihiing 

the proteins peculiar to theiipch tsfrum the fragiTpiit?. of tht IlkacPLPl^ 
of the fcMxi protdiis. lliis acc0iiiits tor the fat! that the aidraaJ 
leuiii their cheiiiiral indhiduality in spite of the great \aiiatp in the 
coiiipysitkm of tin diet the aniiiial takes. 

If a man wishes to build ti 11cW’ houMe and toiinpLy fur tip peurpup 
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tk' f)rif k> prt'i iously usrd in the hiiildiiig c»f another hdusty he takes the 
old hoiiM^ in pirit‘> anil lists tlit' !)rickN ami stones most appropriate for 
|iurpost\ rearranges them in such a way that the new house has its 
emn special architectiirai features, and discards as waste the bricks 
and >li:iiies which are not suitable. This idea underlies the custom 
of .speaking of the cleavage products of protein as “ building stones.” 
Each tissue has special circhitectural ft^atures in its protein molecules, 
am! tliicse iiiolemltes are reionstiucted !>y using the building stones that 
previously had been used in the !)iiiki!iig of other j>roteiii molecules, 



I'll,. 15A— Seel ton of £b« I'illus of a rat killed during fat-aiisorptior. (E. S. ScKafer): 
r/, epitfeeliani ; j/r, «triatet:l ferfer •, £, lymph cells; /, ijmpli cells in the 
epiihcliiim ; /, central lacteal containing disintegraling lymph cells. 

either in another aniraal or in vegetable structures. The building 
stones whirfi are in excess or are unsuitable are simply got rid of as 
%faste substance. 

A large number cof them are never actually built into protoplasm^ 
but are carried to the . wer when tiie amino-group is removed ; this is 
termed i/t'amma/im; the nitrogenous portion is then converted into 
urea, and the ncin-nitrogerious portion of the protein molecule is then 
available for calorific* processes (see E rea foraiation}. One can, now 
definitely state which are the ones that on p. 72 we compared to 
clianioiids, because they are unusually precious for the synthesis of 
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protein by tissue cells ; they arc prin^'iijal'v ; h- r' ’ a’ / 1 r a-" 

relations tyrosine and tryptophane, Ttr i! fla i ar ^ 

blood-stream they do not give rise to any u.i r. ii” tie : . ; ; 

moreover, proteins destitute of tliCMUiniiiK i icR an , : ’:c r i; " 

value. Lysine and histidine are also in the -.inn -ut. ^ o 

Absorption of Fats.--rhe fats undtrn*' i't ic.i nc 'Cn 
changes: one a physical change (eninhih at: 'V „ na : ; i 
chemical change (saponilicatiun). The lyir^phati/ 1 ^ ' 

great channels for fat-absorption, and tlidr , Ti ti i\ * i : n 
from the milk-like appearance of their ccint-rJ- i ’v : c im 
absorption of fat. 

The way in which the minute fat giedraio rh in. t'm ’•'/.-•'tun 
into the lacteals has been studied by killing animal-- at \ ary am ; in '4- 
after a meal of fat and making 
osmic acid microscopic preparations 
of the villi. Figs. 19 and 20 illustrate 
the appearances observed. 

The columnar epithelium ceils be¬ 
come first filled with fatty globules 
of varying size, which are generally 
larger near the free border. The 
globules pass down the cells, the larger 
ones breaking up into smaller ones 
during the journey; they are then 
transferred to the amceboid cells of 
the lymphoid tissue beneath; these 
ultimately penetrate into the central 
lacteal, where they either disintegrate or discharge their cargo the 
lymph-stream. The globules are by this time divided into iroiiicasur- 
ably small ones, the molecular basis of chyle. The chyle enters the 
blood-stream by the thoracic duct, and after an abundant meal 

the blood-plasma is quite milky ; the fat droplets are so simili that 
they circulate without hindrance through the capillaries. The fat in 
the blood after a meal is eventually stored up in the connecth^e 
cells of adipose tissue. It must, however, be home in mind that the 
fat of the body is not exclusively derived from the fat of the imtt but 
it may originate also from carbohydrates and, in the opinivr* ot most 
physiologists, from protein as well. 

As the fat globules were never seen penetrating the striated torder 
of the epithelial cells, there was a difficulty in undeKtanding how they 
reached the interiar of these cells; the cells wih not take up other 
particles, and it is certain that they do not in the higher animals 



Fii,. *20.—Muccui rnsi-ilrriins cf 4 ^ ’ 

tffMlne daring fat-a’ if.. ** 
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yiiAiiJr p>t k p^'. j i !r ;!n tiieir bcmlers (this, howeveij does occur 
tt’r r::A .k < i - in ike lower invertebrates). 

K'.tr'i v^i-.trrh ka- v.Ktti thi.^ difficulty. In the first place, 
’%,w! ? j " Vu,'. prennl in the epithelium and lyinphoki cells W'Mle 
•' !jI w ''fhig af'-ncid. These particles are protoplasmic in nature, 
.o i::n '•ta.D ’oitn reapent^ that stain protoplasmic granules; but as 
^..hii d.akiy with osmk acid, they are apt to be mistaken 
toi tjt T'< It' I'- h.fW^M^r, no dc^ubt that the particles found during 

t C-ai'ri Ah f miposed of fat. There is also no doubt that the 
erifm T:1 cilh hive the |>uwrr of again forming fat out of the fatty 
•?ii- ami phr'fa^ into ivhk'h it las been broken up in the intestine. 
ITt -r vib*,far!Ct>, heiig soiuMe, pass readily into the epithelium cells, 
an4 faev/ '.i-Ts ptrfoiin the synthetic art of building them into fat 
u:a’ nr-rr: the fat mi funned appears in the form of small globules, 
uiidiiig or cnojining mixed with the protoplasmic granules that 
aie urdioarily A remaikable fact which Munk made out 

N that alter feeding an aninial on fatty acids the chyle contains fat. 
1 he niccsMtry glyc-rnd must have been formed by protoplasmic activity 
liaring ab^eirpticn. Ikdiminary^ emuisificatioii, though advantageous 
trie uflion of lipase, is not essential 

Mile a 2 i!% the of fat by co-operating with the pancreatic 

lipa.si, ci> c'XpLimt'd cm p. 124. It is also a solvent of fatty acids, 
anJ it iTobahto assies fat-al)sc)r|>tioii by reducing the surface tension 
I'f the in!t“stiniil ; membranes moistened with bile allow fatty 

niuitvndh to pass through them more readily than 'would otherwise be 
tlir loisr. 1 !i rases of disease in w’Mch bile is absent from the intestines 
d projcjiticii of the fat in the food passes into the feces. 

Ill condusioE it must be mentioned that the lymphcKytes are greatly 
inert Used in the blcK>d during absorption, and some physiologists hold 
the \ieir that these come from the intestinal mucous membrane, and 
share in the work of transporting absorbed materials. 
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THE BLOOD AND EESPfEATION 

IICKID PLASMA. 

1. ni€ coagulation of the blood has been prcFented in specimen A 
lay tke addition of neutml salt (an equal volnme of saturated sodium 
snlpliate solution, or a quarter of its Folnme of saturated m^nMiaai 
snlpliate solution). The corptisalM liave settled, and the sipermtot 
salted plasma has l>€en siphoned off. 

2. The coagulation of the Mood in s|»ciineii B has l«ii 
Tented hy the addition of am e^ual Tolnme of a 0*4 ^-cmt. 

of potassimn oxalate in normal saline solutioiL 

a Put a small quantity of A into three test-tml^ and dilute 
mth about ten times its volume of Iqmd: 

A 1. ■With distilled vrater. 

A 2. With solution of so«called fihrm-ferment ( thrombin) containinf 

a little caldLnm cMorideP 

A 3. With tie same. 

4. Put A 1 and A 2 into the iratei-hath at 4CF C.; Imve A 3 at tie 
temperature of the air. A 1 ooaol^^'tes sloirly or not at A 2 
eoagnl^tes rapidly: A 3 coa^nlat^ 1@^ rapidly tiian A S. 

5. Adi to some of B a few droi« of dilute (2 per-cent.) <aMiiia-<±lcMiie 
solution: it coagulates, and more qnicily, if the temp^tnre is C. 

BLOOD SERUM 

Blood serum is the fluid r^dme of the Mood after sei»ratiia of 
the clot; it is Mood plamna minus the flbrm which it yisMa. The 
general appearance of ffbrin obtained by whipping win 

already be fhmiliar to the stndent, as he has it In exi^idmAtB 
on digestion. 

Serum has a yellowish tinge due to smmin lut^n, bat m iaaa:idly 
obtained it is often contaminate with a small amount of cmyli^io- 
globitt, and so looks reddish. It comtiins proteins (giving tke geaeral 
tests already studied in Lesson T), extractive, Md ral-te in Kiiutacm. 
The proteins are serum jdbnmin and serum ^obulin. Mkrin-fenmemt 

1 An easy way of preparing an efficient solution ©f this kiid is to taheSe.c. 
of Wocd serum and diluto it "witli a litre of distilled water. A preeipitatiew 

of globulin takes place, and carries dewn tiie problematical ferment with It. After 
»few hours pour off the snpernataot fluid anddiMolve the preeipitete in Imlf a litre 
of tap water to which a few drops of 2 per-cent, solution of calcium chloride ImFc 
been added. The solution can l>e thee given round to the class as fibrin-ferment. 
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or thrombin is also present, and in the following experiments is 
precipitated with serum globulin. 

SEPAEATION OF THE SEEHM PEOTEINS.—(a) Dilute serum 
with jQfbeen times its volume of distilled water. It becomes cloudy 
owing to the partial precipitation of serum globulin. Add a few 
drops of 2 per-cent, acetic acid; the precipitate becomes more 
abundant, but dissolves in excess of the acid. 

(b) Pass a stream of carbonic acid through serum diluted with 
twenty times its bulk of water- A partial precipitation of serum 
globulin occurs. 

(c) Saturate some serum with magnesium sulphate by adding 
crystals of the salt and grinding in a mortar. A precipitate of 
serum globulin is produced. 

(d) Half saturate the serum with ammonium sulphate by adding 
to it an equal volume of a saturated solution of the salt. Serum 
globulin is precipitated. 

(e) Completely saturate the serum with ammonium sulphate by 
adding crystals of the salt and grinding in a mortar; a precipitate 
is produced of both the globulin and the albumin. Filter through a 
dry filter paper; the filtrate contains no protein. 

(f) Put some serum in a dialyser with distilled water in the outer 
vessel. In a day or two, especially if the water in the outer vessel is 
changed frequently, the salts dialyse out into the water; the proteins 
remain inside the dialyser; of these the serum albumin and a fraction 
of the serum globulin (called pseudo-globulin) remain in solution, but 
the other fraction of the serum globulin (called euglobulin) is pre¬ 
cipitated, as it requires salt to hold it in solution. 

(g) Whether serum albumin is a single protein or a mixture of 
several proteins is a matter of dispute. The only method by which 
it can be at present fractionated is the somewhat uncertain one of 
heat coagulation. If the globulin is removed by saturation with 
magnesium sulphate, the filtrate, which contains serum albumin, when 
heated after faint acidulation with 2 per-cent, acetic acid, deposits a 
fiocculent precipitate at about 73® 0. Filter this off, and on heating the 
filtrate a second coagulum is obtained at about 77® 0., and similarly a 
third and very small fraction separates out at 86® 0. 

HEMOGLOBIN 

1. THE SPECTEOSOOPE.—Direct the spectroscope to the window 
and carefully focus Fraunhofer’s lines. Note especially D in the yellow, 
and E, the next well-marked line, in the green. 

Direct the spectroscope to a luminous gas flame; these lines are 
absent. Place a little sodium chloride in the flame. Notice the bright 
yellow line in the position of the D line. 

2 .. SPEOTEOSOOPIC EXAMINATION OF BLOOD.—Take a series 
of six test-tubes of about equal size. Fill the first with diluted 
dofibrmated ox-blood (1 part of blood to 30 of water) f then fill tbq 
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second tube with, the same mixture diluted with an equal bulk of water 
(1 in 60); half fill the third tube with this and fill up the tube with 
an equal bulk of water (1 in 120), and so on. The sixth tube will contain 
1 part of blood to about 1000 of water and win be nearly colourless. 

3. Into another series of six test-tubes pour some of the contents 
of each, of the first series and add one drop (from a dropping bottle) of 
a freshly prepared 10 per-cent, sodium hydrosulphite solution. Note 
the change of tint from red to purple. Another reducing agent called 
Stokes’s reagent may be employed in this experiment instead. It 
must always be freshly prepared; it is a solution of ferrous sulphate 
to which a little tartaric acid has been added, and then ammonia till 
the reaction is alkaline. The ammonia should not be added until just 
before it is used. 

4. Examine the tubes with the spectroscope and map out on a 
chart the typical absorption bands of oxyhsemoglobin in the first 
series, and of reduced hsemoglobin in the second series. Notice 
that in. the more dilute specimens of reduced hasmoglobin the bands 
are no longer seen, whereas those of oxyhaemoglobin in specimens 
similarly diluted are stiU visible. 

5. Take a tube which shows the single band of reduced haemoglobin 
and shiake it with the air; the bright red colour returns to it and it 
shows spectroscopically the two bands of oxyhaemoglobin for a short 
time. Continue watching the two bands, and note that they fade and 
are replaced by a single band as reduction again occurs. 

6. BLOOD CEYSTALS.—Mix a drop of defibrinated rat’s blood on 
a slide with a drop of water, or mount it in a drop of Canada balsam. 
Examine the crystals of oxyhaemoglobin as they form. Five to ten 
minutes usually elapse before the crystals are seen. 

7. Smear a little blood, obtained by pricking the finger, on a slide, 
and allow it to dry; cover, and run glacial acetic acid under the 
cover slip, and boil; when cool repeat this with fresh acid and then 
examine microscopically for the dark brown crystals of hasmin. 

8. CHEM:ICAL tests fob blood.— Test—TdJsie 
some tincture of guaiacum, and add a small quantity of blood to it; 
add to the mixture a little hydrogen peroxide (or most specimens of 
commercial turpentine will do as well) and a blue colour is developed. 
This test is due to the iron-containing radical in haemoglobin, and is 
given even after the blood has been previously boiled: rej^t the test, 
using some boiled blood. 

9. Adler's Test. —Take half a test-tube of diluted blood (so dilute 
as to be practically colourless); add a few drops of benzidine dissolved 
in glacial acetic acid, and a few drops of hydrogen peroxide: a blue 
colour develops immediately. Spectroscopically, this blue solution 
shows an absorption band in the yellow. This test is far more delicate 
than the guaiacum test, but its intensity is lessened if the blood has 
been previously boiled. It is a very convenient test for blood in uririe. 
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10. PheuidpMhalem Test.— To 1 c.c. of the phenolphthalein 
xe^ent^ add 1 drop of hydrogen peroxide andl c.c. of MgMy diluted 
Mood. In tie presence of ilood tie solution becomes coloured from 
pinl to red according to tie concentration. With this test pus gives 

» negative result. 

11. CHEMICAL METHOD OF BLOOD OAS ANALYSES.— 
£siifii(iiiou (*f the Oxygen CQpdciiy of Tlood. Tie blood is laked 
tiorougMy, treated '^ti potassium ferricyanide, oxygen liberated, 
collected over water, and measured. Thoroughly oxygenate about 
M e.c. of Mood (defibrinated or oxalated) by placing in a 200 or 300 c.c. 
Gmk. and rotating. In this way the blood is spread as a thin film on 
tie side of tie flask and is exposed to oxygen. Transfer 20 c.c. witi 
a pipette to the small bottle of the apparatus illustrated on p. 180. 
Tie last drops of Mood should not be blown out from the pipette but 
siould be expeled by closing the end of tie pipette and warming the 
bulb with tie hand. Hote that a ‘‘20 c. c.^' pipette delivers only about 
19'6 C.C. of blood. To the blood add dilute ammonium hydroxide 
(1:2»), wMci is free from carbon dioxide, till tie blood is completely 
laked; about W c.c. are generally reauired. Laking is complete when 
a tMn film of tie blood is perfectly transparent. Place 5 c.c. of fresh 
saturated aqueous solution of potassium ferricyanide in the test-tube 
within tie bottle, replace the rubber stopper, ensure that tie apparatus 
is air-tight, and place the bottle in a water-bath at room temperature 
till the volume is constant. Bring water inside and outside the 
burette to the same level. Note the reading X. Invert bottle to mix the 
blood and ferricyanide. Eeplace in the water-bath till temperature is 
once more constant. Oxygen has been evolved and has displaced 
water in the burette. Equalise the levels once more by raising the 
burette. Note the reading Y. The difference between the readings, 
le. Y-X, is the number of c.c. of oxygen liberated from 19‘d c.c. of 
blood at the temperature and pressure of the laboratory. 

For more accurate work means are taken to maintain the apparatus 
at strictly uniform temperature, to allow for the solubility of oxygen 
and for the vapour tension of water at the particnlar temperature 
employed, 

Mstimatiott of the Carbon Dioxide Content of Blood .—This can be 
carried out on tie same specimen as used above in tie estimation of 
tie oxygen capacity. Bemove tie rubber stopper and place in the 
bottle anotier small tube containing 4 c.c. of saturated aqueous 
solution of tartaric acid. Beplace tie stopper and bring to room 
temperature and atmospheric pressure. Tie remainder of the estima¬ 
tion is carried out as described above for the oxygen content. Note 
tiat a certain amount of carbon dioxide is lost during tie process of 
oxygenaiion, and tiat special metiods have to be taken to avoid this 
(see Yan Slyke's method on p. 178), 

^ Dissolve 1 gm. phenolphthalein and 25 gm. KOH in 100 c.c. 'water : toil with 
10 gna. zinc dust till colourless, Filter. The solution keeps for six* months. 
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Microscopic investigation of vertebrate blood shows it to consist of 
a fluid (the blood-plasma or liquor sanguinis) which holds in suspension 
large numbers of corpuscles—the corpuscles are red or coloured 
(erythrocytes) ; white or colourless (leucocytes)—and the blood 
platelets. 

After blood is shed it rapidly becomes viscous and then sets into 
a firm red jelly. The jelly soon contracts and squeezes out a straw- 
coloured fluid called the serum, in which the shrunken clot ultimately 
floats. With the microscope, filaments of fibrin are seen forming a net¬ 
work throughout the fluid, many radiating from small clumps of blood 



Fig. 21.—Fibrin filaments and blood platelets: A, network of fibrin shown after washing away 
the corpuscles from a preparation of blood that has been allowed to clot. Many of the 
filaments radiate from small clumps of blood platelets. B (from Osier), blood corpuscles and 
blood platelets within a small vein. 


platelets. It is the formation of fibrin which is the essential act of 
coagulation : this entangles the corpuscles and forms the clot. Fibrin 
is formed from the plasma, and may be obtained free from corpuscles 
when blood-plasma is allowed to clot, the corpuscles having previously 
been removed. It may also be obtained from blood by whipping it 
with a bunch of twigs ; the fibrin adheres to the twigs and entangles 
but few corpuscles. These may be removed by washing with water. 
Serum is plasma minus the fibrin which it yields. The relation of 
plasma, serum, and clot can be seen at a glance in the following scheme 
of the constituents of the blood :— 


Blood 


[corpuscles 


} 


Clot 


It may be roughly stated that in 100 parts by weight of blood 60-65 
parts consist of plasma and 35-40 of corpuscles. 

The huffy coat is seen when blood coagulates slowly, as in horse’s 
blood. The red corpuscles sink more rapidly than the white, and 
the upper stratum of the clot (buffy coat) consists mainly of fibrin 
and white corpuscles. 





138 


ESSENTIALS OF CHEMICAL PHYSIOLOGY 



Coagulation is hastened bv— 

1. A temperature a little over that of the hady. 

2. Contact witli foreign matter. 

3. Injury to the vessel walls. 

4. Agitation. 

5. Addition of calcium salts. 

6. Injection of tissue extracts produces intravascular clotting 
(positive phase). Very minute doses, however, delay coagulation 
(negative eifect). The extracts contain large quantities of nucleo- 
proteiiij but it is douMful whether this is the active agent, (See dis¬ 
cussion next page.) 

Coagulation is hindered or prevented by— 

1. A low temperature. In a vessel cooled by ice, coagulation may 
be prevented for an hour or more. 

2. The addition of a large quantity of neutral salts, such as sodium 
sulphate or magnesium sulphate. 

3. Addition of a soluble oxalate, fluoride, or citrate. 

4. Addition of commercial peptone (which consists largely of 
proteoses) to the Hood, or injection of the same into the circulation 
while the animal is alive. The same is true for leech extract. 

5. Contact with the living vascular walls. 

6. Contact with oil. 

It is easy to enumerate the agencies which hasten or hinder co¬ 
agulation of the blood; it is much more difficult to explain their 
action. No other subject has produced such a number of theories 
to explain blood clotting, but none of these can be regarded as 
satisfactory. 

It may be regarded as fairly certain that within the vessels one of 
the constituents of the plasma, a protein of the globulin class called 
fibrinogen^ exists in a soluble form. When the blood is shed the 
fibrinogen is altered in such a way as to give rise to the comparatively 
insoluble material fibrin. The majority of recent view's on blood 
coagulation assume that this change is of a chemical nature and is 
brought about by the activity of a special enzyme called fibrin-ferment 
or thrombin^ which originates from the disintegration of platelets and 
colourless corpuscles when the blood leaves the blood-vessels or comes 
into contact with foreign matter. That the blood does not coagulate 
during life is further explained by assuming the presence in the blood 
of an anti-enzyme called antithrombin which is believed to be produced 
in the liver. 

This simple view does not meet many difficulties, so the theory 
has been compKcated by assuming that thrombin has a precursor or 
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leecli^s heads dties it, a dectrtiuii of yeaY. ivriaiii preparations of 
nucleic acid, and so forth. Such material (breakiiown products 
of vaiying origin) cannot be considtaetl iis tirfmite substances con¬ 
cerned in a physiological process. 

That dilute serum and an extract of its proteins produce or hasten 
clotting in slied blocci is another uiidouhted fact, but the view that the 
thrombin or fibrin-ferment is the real agtuit in coagulation is kniDcked 
on the head by another undoubted fact, and that is that injection of 
thrombin preparations into lire i'ircu!atif3ii never produces intravascular 
clotting. 

If we reject the thrombin theory with ali its superstructures, what 
is there to replace it ? As far as present research has gone, the facts 
point to the change of fibrinogen into fibrin being not a chemical but 
a physical change. 

Fibrinogen belongs to the important class of substance known as 
colloids; such substances are very prone to undergo very readily 
changes in the size of the aggregates of which they are composed. 
In gelatin dissolved in warm water the aggregates are small and 
we have a solution (sol phase) ; when the solution cools the aggregates 
are denser and we get a jelly (gel phase). Applying this to blood 
(and the problem is much the same in the related question of milk 
curdling), Hekma was the first to suggest that fibrinogen is a fibrin 
sol and fibrin is the gel phase. Fibrin is first deposited as ultra- 
microscopic particles (microns), and their fine needle-like crystals 
appear ; these by agglutinating together ultimately lead to the forma¬ 
tion of typical fibrin threads. 

In the case of gelatin, temperature is the disturbing element. In 
the case of blood clotting, temperature plays a minor role and, so far 
as one can see, its effect on fibrinogen (as in many other proteins) is 
the reverse of what obtains in gelatin. The main agent appears to be 
a disturbance of surface conditions ; surface action and surface tension 
must be disturbing factors in such a complex colloidal mixture as the 
blood. 

So long as the surface conditions remain normal, that is when the 
blood is in living healthy blood-vessels, the blood remains fluid. If 
these normal conditions are imitated, e.g. by enclosing the blood within 
a piece of surviving blood-vessel or an isolated heart, clotting is also 
much delayed. If the blood is received within an oiled vessel through 
an oiled cannula, there is again delay because the imitation of the 
normal surface conditions is more or less successful. Injury to the 
vessel walls or contact with foreign objects upsets at once the normal 
surface conditions, and clotting commences. It appears probable that 
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coagulate for many hours. The corpuscles settle and the supernatant 
plasma can be removed with a pipette. 

The plasma is alkaline, yellowish in tint, and its specific gravity is 
about 1026 to 1029. 

Its chief constituents may be enumerated as follows :— 

1000 parts of plasma contain— 


Water. 

. 902*90 

Solids. 

97*10 

Proteins: 1, yield of fibrin . 

4*05 

2, other proteins . 

78*84 

Extractives (including fat) 

5*66 

Inorganic salts 

8*55 


In round numbers plasma contains 10 per cent, of solids, of which 8 are 
protein in nature. 

Serum contains the same three classes of constituents—proteins, 
extractives, and salts. The extractives and salts are the same in the 
two liquids. The proteins differ, as is shown in the following table :— 


Proteins of Plasma, 

Fibrinogen. 

Serum globulin. 
Serum albumin. 


Proteins of Serum. 

Serum globulin. 

Serum albumin. 

(The substance called thrombin 
is possibly of protein nature.) 


The gases of the plasma and serum are small quantities of oxygen, 
nitrogen, and carbonic acid. The greater part of the oxygen of the 
blood is combined in the red corpuscles with haemoglobin ; the carbonic 
acid is chiefly combined as carbonates (see Respiration). 

We may now consider one by one the various constituents of the 
plasma and serum. 

A. Proteins.— Fibrinogen. —This is the parent substance of fibrin. 
It is a globulin. It differs from serum globulin, and may be separated 
from it by the fact that half saturation with sodium chloride precipi¬ 
tates it. It coagulates by heat at the low temperature of 56° C. As 
judged from the yield of fibrin, it is the least abundant of the proteins 
of the plasma (see table above). 

Serum Globulin and Serum Albumin. —These substances, which are 
typical of the globulin and albumin groups of proteins, are considered 
in the practical exercises at the head of this lesson ; see also Lesson 
V, p. 59. Both serum globulin and serum albumin probably consist of 
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more than one protein substance (see practical exercises / and g in 
to-day’s lesson). 

Thrombin. —Schmidt’s method of preparing it is to take serum and 
add excess of alcohol. This precipitates all the proteins, and also 
thrombin. After some weeks the alcohol is poured off; the serum 
globulin and serum albumin have been by this means rendered insoluble 
in water; an aqueous extract is, however, found to contain thrombin, 
which is not so easily coagulated by alcohol as the proteins are. 
A simpler method of preparing fibrin ferment in an impure but efficient 
form is given in the footnote on p. 133. 

B. Extractives.—These are non-nitrogenous and nitrogenous. 
The non-nitrogenous are sugar ( 0 T 2 per cent.), fats, serum lutein 
(see p. 40), soaps, cholesterol, and cholesterol esters ; and the nitro¬ 
genous are urea (0*02 to 0*04 per cent.) and still smaller quantities 
of uric acid, creatine, creatinine, xanthine, hypoxanthine, and 
amino-acids. 

C. Salts.—The most abundant salt is sodium chloride ; it consti¬ 
tutes between 60 and 90 per cent, of the total mineral matter. Potassium 
chloride is present in much smaller amount. It constitutes about 4 per 
cent, of the total ash. The other salts are phosphates and sulphates. 

Schmidt gives the following table :— 


1000 parts of plasma yield— 

Mineral matter.8-550 

Chlorine.3-640 

SO 3 .0-115 

P 2 O 5 .0-191 

Potassium ....... 0-323 

Sodium.3-341 

Calcium phosphate . . . . .0-311 

Magnesium phosphate .... 0-222 


THE WHITE BLOOD COEPUSCLES 

These corpuscles are typical animal cells. Their nucleus consists 
of nuclein ; their cell-protoplasm yields protein belonging to the nucleo- 
protein and globulin groups. The protoplasm of these cells also 
contains small quantities of fat, lipoids, and glycogen. 

THE RED BLOOD COEPUSCLES 

The red blood corpuscles are much more numerous than the white, 
averaging in man 5,000,000 per cubic millimetre, or 400 to 500 red to 
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each white corpuscle. I'he methods of enumeration of the ('orpiiscles 
are described in the Appendix. 

They vary in size and .structure in dilTerent groups of vertebrates. 
In mammals they are biconcave (ex(t‘i>t in th(‘ <*aniel tribe, wIktc they 
are biconvex) non-nucleated disc's, in man averaging inch in 

diameter; during fadal life nucleated red cori)us('les are, however, 
found. In birds, reptiles, ami)hibians, and fishes they are biconvex 
oval disc's with nucdcus ; they are largest in the* amphibia. 

Water causes the corpuscles to swell up, and dissolves emt the 
red pigment (oxyhx'moglobin), leaving a globular c’olourless mem¬ 
brane or stroma. This is termcxl hiking the blood. Laking or 
hmmolysis is also producted by soaps, bile salts, and other substances. 
Strong salt solution C'auses thet corpus(*lc*s to shrink : they become 
crenatcid or wrinkled. The action of waitcT and salt solution is 
explained by the existcmc'c of a m(nn!)rane on th(‘ surfac-e of the; 


J 8 8 OO 

Fu;. 22.“-a-If, successive efTecis of 
water on a red hlooci corpuscle ; 
A a red corpuscle creiuued by 
salt stdution ; action of tannin 
on a red corpuHclt*. 

hiemoglobin from the 
and precipitated. It 


corpusekfs through whic'h osmosis take.s 
place. J^l/ys/o/ogirat salt so tut ion (0*11 
p(;r (‘ent. sodium chloride) firoduces no 
change as it has the same; osmotic pres¬ 
sure as !)Iood“plasma. IJiiuie alkalis 
(0*5^ per ccait. potash) dissolve the vxn- 
pusc'k's. Dilute acids (I pt*r c'ent. ac'etic* 
acid) act like water, and in nucleated 
corpusedes render the nucleus distinct. 
Tannic acid causes a di.scharge of 
stroma, but this is immediately altercxi 
remains adhercait to the .streana as a 


brown globule, consisting proba!)ly of ha*matin. Baric add acts 
similarly, but in nuck;atecl red c-orfiusclcxs the pigment c’ollects 
chiefly round the nuedeus, whic'h may then lie extruded frcjm the 


corpuscles. 


Composition.■“ 1(K)() parts of red c'caitain 

Water ..688 parts 

Solids ... 

linorKanic.8-12 „ 

100 parts of dried corpu.scle.s oontain - 

Protein.fi to 12 [jarts 

Hsemoglobin.86 „ 04 „ 

Phosphatides calculated as lecithin . .1-8 part 

Cholesterol.O-I 
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The protein present appears to be identical with the nucleo-protein 
of white cf)r{)usc:Ies. The mineral matter consists chiefly of chlorides 
of potassium and sodium, and phosphates of calcium and magnesium. 
In most animals, inc'luding man, f)Otassium chloride is more abundant 
than sodium chloride. 

Oxygen is contained in (‘ombination with the haimoglobin 
to form oxyhaemoglobin. The ('orpuscles also contain a certain 
amount of carbonic acid (see Rf:s pi ration, at the end of this 
lesson). 

The Pigment of the Eed Corpuscles.—The pigment is by far the 

most abundant and important of the constituents of the red corpuscles. 
It differs from most other proteins in containing the element iron; it 
is also readily crystallisable. 

It exists in the blood in two conditions : in arterial blood it is com¬ 
bined loosely with oxygen, is of a bright red colour, and is called oxy- 
h^emoglobin; the other condition is the dcoxygenated or reduced 
haemoglobin. This is found in the blood after asphyxia. It also 
occurs in all venous blood —that is, blood which is returning to the 
heart after it has supplied the tissues with oxygen. Venous blood, 
however, always (*ontains a (X)nsiderable quantity of oxyhacmoglobin 
also. Hccmoglobin is the oxygen-carrier of the body, and it may be 
calkxl a respiratory pigment. 

Oystals of oxyhiemoglobin may be obtained with readiness from 
the blood of suc'h animals as the rat, guinea-i)ig, or dog ; with difficulty 
from othcT animals, such as man, ajie, and most of the c'.ommon 
mammals. ITci following methods are the best: - 

1. Mix a drop of defibrinated blood of the rat on a slide with a 
drop of water ; put on a cover glass ; in a few minutes the corpuscles 
are rendered c'olourless, and then the oxyhiemoglobin crystallises 
out from the solution so formed. 

2. Microscopical preparations may also be made by Stein's method, 
which consi.sts in using (Canada balsam instead of water in the above 
experiment. 

3. On a larger scale the (Tystals may be obtained by laking the 
blood by shaking it with one-sixteenth of its volume of ether. After 
a perio<l, varying from a few minutes to days, abundant cTystals arc; 
deposited. The laking of blood by ether and similar reagemts is due 
to their solvent effects on the lipoids of the; cell membrane. The 
accompanying illustrations (fig. 23) represent the form of the crystals 
so obtained. 

In nearly all animals the crystals are rhombic^ prisms ; hut in the; 
guinea-pig they are rhombic tetrahedra (four-sided pyramids) ; in the 
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squirrel, hexagonal plates ; and in the hamster, rhombohedra, and 
hexagonal plates. 

The crystals also contain a varying amount of water of crystal¬ 
lisation : this may explain their different crystalline forms and 
solubilities. The varying form of the crystals does not therefore 
prove that the oxyhsemoglobin of different animals has a different 
composition, for it has been shown that the crystals of one form 
can be transformed on recrystallisation into those of another form 
and then back again into the original form. The crystalline form 
of oxyhaemoglobin is, however, no guarantee of the purity of the 

substance, for after many recrystal¬ 
lisations, although the crystalline form 
remains unaltered, the cleavage pro¬ 
ducts obtained on hydrolysis are dif¬ 
ferent ; for instance, no glycine is 
found after many recrystallisations 
(Abderhalden). The haemoglobin 
molecule contains carbon, hydrogen, 
nitrogen, oxygen, sulphur, and iron. 
The percentage of iron is about 0*4, 
but varies in different preparations. 
Oxyhaemoglobin may be estimated in 
the blood (1) by the amount of iron 
in the ash, or (2) by certain colori¬ 
metric methods which are described in 
the Appendix. 

Haemoglobin is a conjugated 
protein, and on the addition of an 
acid or alkali it is broken up into 
two parts: a protein called globin 
(one of the histones, see p. 59), and a brown pigment called hmmatin^ 
which contains all the iron of the original substance. 

Hsematin has the formula C34H33 3606N4Fe. It presents different 
spectroscopic appearances in acid and alkaline solutions. As obtained 
from oxyhaemoglobin it should be termed oxyh(Bmatin. It may 
be reduced in alkaline solution by adding a reducing reagent, and 
the well-marked absorption spectrum of reduced hcematin forms the 
most delicate of the spectroscopic tests for blood pigment. A pyridine 
compound of reduced haematin has been obtained in crystalline form. 

Hsemin is of great importance, as the obtaining of this substance 
in a crystalline form is the best chemical test for blood. Haemin 
crystals, sometimes called Teichmann^s crystals, are prepared for 
microscopic examination by boiling a fragment of dried blood with 



Fig. 23.—Oxyhaemoglobin crystals magni¬ 
fied: 1, from human blood; 2, from the 
guinea-pig ; 3, squirrel; 4, hamster. 
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a drop of glacial acetic acid on a slide ; on cooling, dark brown 
plates and prisms belonging to the triclinic system, often in star¬ 
shaped clusters and with rounded angles (fig. 24), separate out. 

In the case of an old blood-stain it is necessary to add a crystal 
of sodium chloride. Fresh blood contains sufficient sodium chloride 
in itself. The action of the acetic acid is to split the haemoglobin into 
haematin and globin. A hydroxyl group of the haematin is then re¬ 
placed by chlorine. It is similarly easily replaceable by an atom of 
bromine or iodine. Nencki has further shown that, when prepared in 
this way, haemin also contains the acetyl group. It has the empirical 
formula C 33 H 3204 N 4 FeCl. 

Hsematoporphyrin (C 33 H 38 O 6 N 4 ) 
is iron-free haematin: it may be 
prepared by mixing blood with 
strong sulphuric acid; the iron is 
taken out as ferrous sulphate. It 
has been obtained in crystals by 
Willstatter. This substance is also 
found sometimes in nature; it 
occurs in certain invertebrate pig¬ 
ments, and may also be found in 
certain forms of pathological urine. 

Even normal urine contains traces 
of it. It shows well-marked spec¬ 
troscopic bands, and so is not identical with the iron-free derivative 
of haemoglobin called haematoidin which is formed in extravasations 
of blood in the body (see p. 121). 

Hsemopyrrol, which is formed by reduction from haematoporphyrin, 
has been proved to be a mixture of several pyrrol derivatives. It is 
also similarly obtained from the derivative of chlorophyll called 
phylloporphyrin, a fact which illustrates the near relationship of the 
principal animal and vegetable pigments. 

The relationships of the derivatives of blood pigment are shown in 
the following simple scheme :— 

Oxyhaemoglobin minus protein == Oxyhaematin. 


r 


•V * 
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Fig. 24. 


-Haemin crystals magnified. 
(Preyer.) 


minus Oxygen. 




minus Oxygen. 
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Reduced haemoglobin minus protein = Reduced haematin, 

Haematin minus Iron = Haematoporphyrin. 

Haematin with an OH replaced by Cl = Haemin. 

Haematoporphyrin on reduction yields pyrrol derivatives (Haemo- 
pyrrol). 
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COMPOUNDS OF HJEMOGLOBIN WITH GASES 

Hffimoglobiii forms at least four compounds with gases :— 

With oxygen -f Oxyh®«ioglobin. 

’ ' '12. Methaemoglobin. 

With carbon monoxide . 3. Carbonic oxide haemoglobin. 

With nitric oxide . . 4. Nitric oxide hsemoglobin. 

These compounds have similar crystalline forms : each consists of 
a molecule of haemoglobin combined with one of the gas. They part 
with the combined gas somewhat readily, and are arranged in order of 
stability in the above list, the least stable first. 

Oxyhsemoglobin is the compound that exists in arterial blood. The 
oxygen linked to the haemoglobin, which is removed by the tissues 
through which the blood circulates, may be called the respiratory 
oxygen of hmmoglobin. The processes that occur in the lungs and 
tissues, resulting in the oxygenation and deoxygenation respectively 
of the haemoglobin, may be imitated outside the body, using either 
blood or pure solutions of haemoglobin. The respiratory oxygen can 
be removed, for example, in the Torricellian vacuum of a mercurial 
air-pump, or by passing a neutral gas such as hydrogen through the 
blood, or by the use of reducing agents such as ammonium sulphide 
or Stokeses reagent (an ammoniacal solution of ferrous tartrate), or, 
best of all, sodium hydrosulphite. One gramme of haemoglobin will 
combine with T34 c.c. of oxygen. 

If any of these methods for reducing oxyhaemoglobin is used, the 
bright red (arterial) colour of oxyhsemoglobin changes to the purplish 
(venous) tint of haemoglobin. On once more allowing oxygen to come 
into contact with the hsemoglobin, as by shaking the solution with the 
air, the bright arterial colour returns. 

These colour-changes may be more accurately studied with the 
spectroscope, and the constant position of the absorption bands seen 
constitutes an important test for blood pigment. 

The Spectroscope. —When a ray of white light is passed through a 
prism, it is refracted or bent at each surface of the prism ; the whole ray 
is, however, not equally bent, but it is split into its constituent colours, 
which maybe allowed to fall on a screen. The band of colours beginning 
with the red, passing through orange, yellow, green, blue, and ending 
with violet, is called a spectrum : this is seen in nature in the rainbow. 

The spectrum of sunlight is interrupted by numerous dark lines 
crossing it vertically called Fraunhofer’s lines. These are perfectly 
constant in position, and serve as landmarks in the spectrum. The 
most prominent are A, B, and C, in the red ; D, in the yellow ; E, 
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and F, in the green; G and FI, in the violet. These lines are due to 
certain volatile substances in the solar atmosphere. If the light from 
burning sodium or its compounds is examined spectroscopically, it 
will be found to give a bright yellow line, or rather two bright yellow 
lines very close together. Potassium gives two bright red lines and one 
violet line; and the other elements, when incandescent, give character¬ 
istic lines, but none so simple as sodium. If now the flame of an 
ordinary lamp be examined, it will be found to give a continuous spec¬ 
trum like that of sunlight in the arrangement of its colours, but unlike it 
in the absence of dark lines ; but if the light from the lamp is made to 
pass through sodium vapour before it reaches the spectroscope, the 
bright yellow light will be found absent, and in its place a dark line, 
or rather two dark lines very close together, occupy the same position 



as the two bright lines of the sodium spectrum. The sodium vapour 
thus absorbs the same rays as those which it itself produces at a higher 
temperature. Thus the D line, as we term it, in the solar spectrum is 
due to the presence of sodium vapour in the solar atmosphere. The 
other dark lines are similarly accounted for by other elements. 

The large form of spectroscope (fig. 25) consists of a tube A, called 
the collimator, with a slit at the end S, and a convex lens at the end L. 
The latter makes the rays of light passing through the slit from the 
source of light parallel; they fall on the prism P, and then the spectrum 
so formed is focused by the telescope T. 

A third tube, not shown in the figure, carries a small transparent 
scale of wave-lengths, so that the position of any point in the spectrum 
may be given in terms of the corresponding wave-lengths. 

If we now interpose between the source of light and the slit S a 
piece of coloured glass (H in fig. 25), or a solution of a coloured sub- 
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Stance contained in a vessel with parallel .sides, the si)e('triini ih fuiiiid to 
be no longer continuous, but is interrupted by a nuniber dark 
shadows, or ahsorpHon dandy, corresponding to the light absfjrhc^d by 
the coloured medium. Thus a solution of oxyluenioglobin of a c-ertain 



Fi<;. 20.—Arrangement of prisms in <lirecl«vi«.ion spcrirofir:«i|>r. 


Strength gives two bands between D and K lines ; rediif*ed ha*iiic»glfibiii 
gives only one ; and other red solutions, though to the naked eye similar 
to oxyhsemoglobin, will give characteristic fiands in other poHitioiis. 

A convenient form of small spectros(*opc‘ is the d/reid p/sidn 
scope, in which, by an arrangemcait of alternating firisins of rromai uiid 



flint glass (see fig. 26), the spectrum is observed by the eye in the 
same line as the tube furnished with the slit. Such small spectro¬ 
scopes may for convenience be mounted on a stand provided with a 
gas-burner and a receptacle for the test-tube (see fig. 27). In the 
examination of the spectrum of small coloured obje<!tSy a combination 
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of the microscope and direct-vision spectroscope, called the micro- 
spectroscope^ is used. 

Fig. 28 illustrates a method of representing absorption spectra 
diagrammatically. The solution was examined in a layer 1 centimetre 
thick. The base line has on it at the proper distances the chief Fraun¬ 
hofer lines, and along the right-hand edges as the percentage amounts 
of oxyh^emoglobin present in I, of reduced haemoglobin in II. The 
width of the shadings of each level represents the position and amount of 
absorption corresponding to the percentages. 



Fig. 28.—(Jrajphic representations of the amount of absorption of light by solution (I) of oxy- 
luemoglobin; (II) of reduced haemoglobin, of different strengths. The shading indicates the 
amount of absorption of the spectrum ; the figures on the right border express percentages. 
(Rollett.) 


The characteristic spectrum of oxyhaemoglobin, as it actually 
appears through the spectroscope, is seen in the next figure (fig. 29, 
spectrum 2). There are two distinct absorption bands, between the 
D and E lines ; the one nearest to D (the a band) is narrower, darker, 
and has better defined edges than the other (the /S band). As will be 
seen on looking at fig. 28, a solution of oxyhaemoglobin of concentration 
greater than 0*65 per cent, and less than 0*85 per cent, (examined in a 
cell of the usual thickness of 1 centimetre) gives one thick band over¬ 
lapping both D and E, and a stronger solution only lets the red light 
through between C and D. A solution which gives the two character¬ 
istic bands must therefore be a very dilute one. The single band 
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(y band) of haemoglobin (fig. 29^ spectrum 3) is not so well defined as the 
a and p bands. On dilution it fades rapidly, so that in a solution of such 
a strength that both bands of oxyhaemoglobin would be quite distinct, 
the single band of reduced haemoglobin has disappeared from view. 
The oxyhaemoglobin bands can be distinguished in a solution which 
contains only one part of the pigment to 10,000 of water, and even in 
more dilute solutions which seem to be colourless the a band is still 
visible. 

Methsemoglobin.—This may be produced artificially by adding 
such reagents as potassium ferricyanide or amyl nitrite to a solution of 



Fig. 29.— 1 , Solar spectrum; 2, spectrum of oxyhaemoglobin (0*37 per cent, solution); 3, .spectrum 
of reduced haemoglobin; 4, spectrum of CO-haemoglobin; (5) spectrum of methaemoglobin 
(concentrated solution). 


oxyhaemoglobin ; it may also occur in certain diseased conditions in the 
urine ; it is therefore of considerable practical importance. It can be 
crystallised, and is usually stated to contain the same amount of oxygen 
as oxyhaemoglobin, only combined differently. Buckmaster’s work, 
however, has shown that methaemoglobin only contains half as much 
oxygen as oxyhaemoglobin. This oxygen is not removable by the 
air-pump, nor by a stream of a neutral gas such as hydrogen. It can, 
however, by reducing agents such as ammonium sulphide, be made to 
yield haemoglobin. Methaemoglobin is of a brownish-red colour and 
gives a characteristic absorption band in the red between the C and D 
lines (fig. 29, spectrum 5). 
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The ferricyanide of potassium or sodium not only causes the 
conversion of oxyhsemoglobin into methsemoglobin, but if the reagent 
is added to blood which has been previously laked by the addition of 
twice its volume of water there is an evolution of oxygen. If a small 
amount of sodium carbonate or ammonia is added as well to prevent 
the evolution of any carbonic acid, and the oxygen is collected and 
measured, it is found that all the oxygen previously combined in 
oxyhaemoglobin is discharged. This is at first sight puzzling, because, 
as just stated, methsemoglobin contains also oxygen. What occurs 
is that, after the oxygen is discharged from oxyhaemoglobin, fresh 
oxygen takes its place from the reagents added. The oxygen atoms 
of the methaemoglobin must be attached to a different part of the 
haematin group from the oxygen atoms of the oxyhaemoglobin, so that 
the haematin group when thus altered loses its power of combining 
with oxygen and carbonic oxide to form compounds which are 
dissociable in a vacuum. 

Carbonic Oxide Haemoglobin may be readily prepared by passing 
a stream of carbonic oxide or coal gas through blood or through a 
solution of oxyhaemoglobin. It has a peculiar cherry-red colour. Its 
absorption spectrum is very like that of oxyhaemoglobin, but the two 
bands are slightly nearer the violet end of the spectrum (fig. 29, spec¬ 
trum 4). Reducing agents, such as ammonium sulphide, do not change 
it; the gas is more firmly combined than the oxygen in oxyhaemoglobin. 
CO-hiemoglobin forms crystals like those of oxyhaemoglobin : it resists 
putrefaction for a very long time. 

Carbonic oxide is given off during the imperfect combustion of 
carbon such as occurs in charcoal stoves ; it is a powerful poison com¬ 
bining with the haemoglobin of the blood, and thus it interferes with 
normal respiratory processes. The colour of the blood and its resistance 
to reducing agents are in such cases characteristic. 

Nitric Oxide Haemoglobin. —When ammonia is added to blood, 
and then a stream of nitric oxide is passed through it, this compound is 
formed. It may be obtained in crystals isomorphous with oxy- and 
CO-haemoglobin. It also has a similar spectrum. It is even more 
stable than CO-hsemoglobin ; it is not only of theoretical importance 
as completing the series, but is of some practical interest in cases of 
poisoning by gas liberated from high explosives. 

TESTS FOR BLOOD 

These may be gathered from preceding descriptions. Briefly, they 
are microscopic, spectroscopic, and chemicalr The best chemical test 
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is the formation of hsemin crystals. The old test with tincture of 
guaiacum and hydrogen peroxide, the blood causing the tincture 
to become blue, is not very trustworthy, as it is also given by many 
other organic substances. The test for instance is given by milk, and 
is there due to the presence of an enzyme called a peroxidase^ which is 
destroyed by boiling. Boiled blood, however, gives the test as well 
as fresh blood, and the reaction is due to the presence of the iron- 
containing radical of haemoglobin. 

In medico-legal cases it is often necessary to ascertain whether a 
red fluid or stain upon clothing is or is not blood. In any such case 
it is advisable not to rely upon one test only, but to try every means 
of detection at one’s disposal. To discover whether it is blood or not 
is by no means a difficult problem, but to distinguish human blood 
from that of the common mammals is possible only by the “ biological ” 
test described at the end of the next section. 

IMMUNITY 

The chemical defences of the body against injury and disease are 
numerous. The property of coagulating which the blood possesses is a 
defence against haemorrhage ; the acid of the gastric juice is a protection 
against harmful bacteria introduced with food. Bacterial activity in 
urine is inhibited by the acidity of that secretion. 

Far more important and widespread in its effects than any of the 
foregoing is the bactericidal (i.e. bacteria-killing) action of the blood 
and lymph ; a study of this question has led to many interesting results, 
especially in connection with the important problem of immunity. 

It is a familiar fact that one attack of many of the infective maladies 
protects us against another attack of the same disease. The person is 
said to be immune^ either partially or completely, against that disease. 
Vaccination produces in a patient an attack of cowpox or vaccinia. 
This disease is either closely related to smallpox, or may be it is small¬ 
pox modified and rendered less malignant by passing through the body 
of a calf. At any rate, an attack of vaccinia renders a person immune 
to smallpox for a certain number of years. Vaccination is an instance 
of what is called protective inoculation^ which is now practised with 
such great success in reference to other diseases, such as plague 
and typhoid fever. The study of immunity has also rendered 
possible what may be called curative inoculation^ or the injec¬ 
tion of antitoxic material as a cure for diphtheria, tetanus, snake¬ 
poisoning, etc. 

The power the blood possesses of slaying bacteria is not limited to 
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the colourless corpuscles or phagocytes^ but is also a property of the 
fluid part of the blood, at any rate in the case of some micro-organisms. 
The chemical characters of the substances which kill the bacteria are 
not fully known ; but they appear to be protein in nature. The 
bactericidal powers of blood are destroyed by heating it for an hour 
to 55° C. The substances, whatever be their source or their chemical 
nature, are called baderio-lysins. 

Closely allied to the bactericidal power of blood, or blood serum, 
is its globulicidal power. By this one means that the blood serum of 
one animal has the power of dissolving the red blood corpuscles of 
another species. If the scrum of one animal is injected into the blood¬ 
stream of an animal of another species, the result is a destruction of 
its red corpuscles, which may be so excessive as to lead to the passing 
of the liberated haimoglobin into the urine (hsemoglobinuria). The 
substances in the serum that possess this property are called hmmo- 
lysins, and though there is some doubt whether bacterio-lysins and 
haemolysins' are absolutely identical, there is no doubt that they are 
closely related. 

Normal blood thus possesses not only phagocytes^ which eat up 
bacteria, but also a certain amount of chemical substances which are 
inimical to the life of our bacterial foes. But suppose a person gets 
“ run down ’’ ; every one knows he is then more liable to “ catch any¬ 
thing.’' This coincides with a diminution in the bactericidal power of 
his blood. But even a perfectly healthy person has not an unlimited 
supply of bacterio-lysins, and if the bacteria are sufficiently numerous 
he will fall a victim to the disease they produce. Here, however, 
comes in the remarkable part of the defence. In the struggle he will 
produce more and more bacterio-lysin, and if he gets well it means 
that the bacteria are finally vanquished, and his blood remains rich 
in the particular bacterio-lysin he has produced, and so will render 
him immune to further attacks from that particular species of bacterium. 
Every bacterium seems to cause the development of a specific anti¬ 
substance. 

Immunity can more conveniently be produced gradually in animals, 
and this applies, not only to the bacteria, but also to the toxins they 
form. If, for instance, the bacilli which produce diphtheria are grown 
in a suitable medium, they produce the diphtheria poison, or toxin, 
much in the same way that yeast-cells will produce alcohol when grown 
in a solution of sugar. Diphtheria toxin is associated with a proteose, 
as is also the case with the poison of snake venom. If a certain small 
dose called a “ lethal dose ” is injected into a guinea-pig the result is 
death, But if the guinea-pig receives a smaller dose it will recover j 
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a few days after it will stand a rather larger dose; and this may be 
continued until, after many successive gradually increasing doses, it 
will finally stand an amount equal to many lethal doses without any 
ill effects. The gradual introduction of the toxin has called forth the 
production of an antitoxin. If this is done in the horse instead of the 
guinea-pig the production of antitoxin is still more marked, and the 
serum obtained from the blood of an immunised horse may be used 
for injecting into human beings suffering from diphtheria, and it 
rapidly cures the disease. The two actions of the blood, antitoxic 
and anti-bacterial, are frequently associated, but may be entirely 
distinct. 

The antitoxin is also a protein probably of the nature of a globulin ; 
at any rate it is a protein of larger molecular weight than a proteose. 
This suggests a practical point. In the case of snake-poisoning the 
poison gets into the blood rapidly owing to the comparative ease with 
which it diffuses, and so it is quickly carried all over the body. In 
treatment with the antitoxin or antivenin, speed is everything if life 
is to be saved ; injection of this material under the skin is not much 
good, for the diffusion into the blood is too slow. It should be injected 
straight away into a blood-vessel. 

There is no doubt that in these cases the antitoxin neutralises 
the toxin much in the same way that an acid neutralises an alkali. 
If the toxin and antitoxin are mixed in a test-tube, and time 
allowed for the interaction to occur, the result is an innocuous 
mixture. The toxin, however, is merely neutralised, not destroyed; 
for if the mixture in the test-tube is heated to 68° C., the anti¬ 
toxin is coagulated and destroyed, and the toxin remains as poisonous 
as ever. 


The substances which on injection provoke the appearance of 
antidotes of this nature are either proteins, or are protein-like. They 
are called antigens. 

Immunity is distinguished into active and passive. Active im¬ 
munity is produced by the development of protective substances in 
the body; passive immunity by the injection of a protective serum. 
Of the two the former is the more permanent. 

Ricin, the poisonous protein of castor-oil seeds, and alrin, that of 
the Jequirity bean, also produce when gradually given to animals 
an immunity, due to the production of antiricin and antiabrin 
respectively. 

Ehrlich’s hypothesis to explain such facts is usually spoken of as 
the side-chain theory^ of immunity. He considers that the toxins are 
capable of uniting with the protoplasm of the living cells by possessing 
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groups of atoms like those by which nutritive proteins are united 
to cells during normal assimilation. He terms these ha^ophor 
groups, and the groups to which these are attached in the cells he 
terms receptor groups. The introduction of a toxin stimulates an 
excessive production of receptors, which are finally thrown out into 
the circulation, and the free circulating receptors constitute the anti¬ 
toxin. The comparison of the process to assimilation is justified by 
the fact that non-toxic substances such as milk or egg-white introduced 
gradually by successive doses into the blood-stream cause the formation 
of anti-substances capable of coagulating them. 

Up to this point I have spoken only of the blood, but workers 
are steadily bringing forward evidence to show that other cells of the 
body may by similar measures be rendered capable of producing a 
corresponding protective mechanism. 

One further development of the theory must be mentioned. At 
least two different substances are necessary to render a serum bacteri¬ 
cidal or globulicidal. The bacterio-lysin or haemolysin consists of 
these two substances. One of these is called the amboceptor^ the 
other the complement. We may illustrate the use of these terms by 
an example. The repeated injection of the blood of one animal {e.g. 
the goat) into the blood of another animal {e.g. a sheep) after a time 
renders the latter animal immune to further injections, and at the 
same time causes the production of a serum which dissolves readily 
the red blood corpuscles of the first animal. The sheep’s serum is thus 
hccmolytic towards goat’s blood corpuscles. This power is destroyed by 
heating to 56® C. for half an hour, but returns when fresh serum of 
any animal is added. The specific immunising substance formed in 
the sheep is called the amboceptor; the enzyme-like substance 
destroyed by heat is the complement. The latter is not specific, since 
it is furnished by the blood of non-immunised animals, but it is never¬ 
theless essential for haemolysis. Ehrlich believes that the amboceptor 
has two side groups—one which unites with the receptor of the red 
corpuscles, and one which unites with the haptophor group of the 
complement, and thus renders possible the enzyme-like action of the 
complement on the red corpuscles. 

To put it another way: the cell-dissolving substances cannot act 
on their objects of attack without an intermediate substance to anchor 
them on the substance in question. This intermediary substance, 
known as the amboceptor, is specific, and varies with the substance 
to be attacked (red corpuscles, bacterium, toxin, etc.). The comple¬ 
ment may be compared to a person who wants to unlock a door; 
to do this effectively he must be provided with the proper key 
(amboceptor). 

Many antigens in small doses cause an increased sensitiveness of an 
animal to the foreign protein; so that a second small dose injected 
a few weeks later may produce death. This is called anaphylaxis. 
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Quite distinct from the bactericidal, globuliticlal, and antitoxic 
properties of blood is its agglutinating action, d’his is another r(‘sult 
of infection with many kinds of bacteria or their toxins. I ht‘ blood 
acquires the property of rendering immobile and ciumping together 
the specific bacteria used in the infection. The te.st appHt‘d to the* 
blood in cases of typhoid fever, and generally ('ailed Widal’s reaction, 
depends on this fact. The substanc'cs that produce this effc'ct are (*allc*d 
agglutinins. They also arc probably f)rotein“like in nature, but arc‘ 
more resistant to heat than the lysins. Prolong(‘cl hc'ating to ovc‘r 
60° C. is necessary to destroy their activity. 

We thus see that the means the body po.ssesses ol combatitig 
bacterial invasion arc numerous. In some cases the bacteria are 
killed by bacterio-lysins, and in other cases they are directly atta(*k(*d 
and devoured by the phagocytes, iku'teria whic'h an^ destroyed in 
this way produce no evil results, whereas those which an* not destroyi*d 
are called pathogenic^ or disease-produ('ing organisms. Thc'rc* is .still 
another line of defence, for if the ba<’t(*ria art! not destroyc'd the 
poisons or toxins they produc'e are in (‘crtain oiIkt cas(*s neutraliscHl 
by antitoxins. 

Metschnikoff’s view, which is v(‘ry widely accc‘pt(*(i by bactcTi- 
ologists, is that the most stress should be laid upon phagocytosis as 
the principal factor in the resistance of the body to Ijacteria ; and the 
discovery of opsonins by Sir A. K. WriglU not only emphasises this 
opinion, but shows how the body fluids co-operate with the phag(H*ytcs 
in the process. The word “ opsonin ” is derived from a Greek word 
which means “ to prepare the feast.” Washed bacteria from a (mlture 
are distasteful to leucocytes, and would therefore, other things !M*ing 
equal, be pathogenic if injected into an animal’.s body. But if the 
bacteria have been previously soaked in serum, especially if tliat serum 
has been obtained from the blood of an animal previously immunisc*d 
against that special bacterium, then the leuc'oeytes devour them eagerly. 
It was at first supposed that something had been add(*d to the* batderium 
to make it tasty, and that each kind of bacterium rexfuires its own 
special sauce or opsonin. It is, however, equally possible that the serum 
has not added anything to the bacterium, l)ut removed from it some¬ 
thing that previously made it distasteful. At any rat(! the ultimate 
effect is the same, and the bacterium is rendered mm-patkagenir. When 
a person is attacked by some invading organism, say the tiil^ende 
bacillus, if that person’s blood is naturally rich in the proper kind of 
opsonin he will not be troubled with tuberculosis ; but if the opsonic 
power of his blood is low the bacillus will prrxiucxi the disease. 'Fhc* 
modern treatment of tuberculosis aims at increasing thcj opsonic 
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power of the blood by improving the general condition of the patient 
by good food and pure air, and also by the injection of the appropriate 
opsonin into his blood. 

Lastly, we come to a question which more directly appeals 
to the physiologist than the preceding, because experiments in 
relation to immunity have furnished us with what has hitherto 
been lacking, a means of distinguishing human blood from the blood 
of other animals. 

The discovery was made by Tchistovitch (1899), and his original 
experiment was as follows :—Rabbits, dogs, goats, and guinea-pigs 
were inoculated with eel-serum, which is toxic; he thereby obtained 
from these animals an antitoxic serum. But the serum was not only 
antitoxic ; it also produced a precipitate when added to eel-serum, 
though not when added to the serum of any other animal. In other 
words, not only has a specific antitoxin been produced, but also a 
specific precipitin. Numerous observers have since found that this is 
a general rule throughout the animal kingdom, including man. If, 
for instance, a rabbit is treated with human blood, the serum 
ultimately obtained from the rabbit contains a specific precipitin for 
human blood ; that is to say, a precipitate is formed on adding 
such a rabbit’s serum to human blood, but not when rdded to the 
blood of any other animal.^ The great value of the test is its delicacy : 
it will detect the specific blood when it is greatly diluted, after it 
has been dried for weeks, or even when it is mixed with the blood 
of other animals. 

The lipoids contained in the membrane of cells play some part in 
the relationship of such cells to toxins. The matter has been mainly 
studied in relation to red corpuscles, and the toxins (such as saponin 
and the hsemolysin of snake venom) which attack them. There is 
some evidence that the cholesterol in the envelope of the red corpuscles 
is a protective agent (see also p. 37). A few years ago, Preston Kyes 
stated that lecithin is the ^^boceptor which anchors the haemolysin 
on to the red cells. But more recent research has failed to substantiate 
this view, and the compounds which Kyes described and called leci- 
thides are impure mixtures of several substances. It is much more 
probable that the real agent at work in haemolysis is a lipolytic or 
fat-splitting enzyme; this splits up the lecithin of the cell-wall, 
liberating oleic acid and desoleolecithin (that is, lecithin minus its 
oleic acid radical), and it is these cleavage products which dissolve out 
the haemoglobin and so destroy the corpuscles. 

1 There may be a slight reaction with the blood of allied animals ; for instance, 
with monkey’s blood in the case of man. 
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CHEMISTRY OF RESPIRATION 

The consideration of the blood, and especially of its pigment, is so 
closely associated with respiration that a brief account of that process 
follows conveniently here. 

The air in the alveoli of the lungs and the blood in the pulmonary 
capillaries are only separated by,the thin capillary and alveolar walls. 
The blood parts with its excess of carbonic acid and watery vapour to 
the alveolar air ; the blood at the same time receives from the alveolar 
air the oxygen which renders it arterial. 

The intake of oxygen is the commencement, and the output of 
carbonic acid the end, of the series of changes known as respiration. 
The intermediate steps take place all over tJie body, and constitute 
what is known as internal or tissue respiration. The exchange of 
gases which occurs in the lungs is sometimes called in contradistinction 
external respiration. We have already seen that the oxyhaemoglobin 
is only a loose compound, and in the tissues it parts with its oxygen. 
The oxygen does not necessarily undergo immediate union with carbon 
to form carbonic acid, and with hydrogen to form water, but in most 
cases, as in muscle, is held in reserve by the tissue itself. Ultimately, 
however, these substances pass into the venous blood, and the carbonic 
acid and a portion of the water find an outlet by the lungs. 

Inspired and Expired Air. —The composition of the inspired and 
expired air may be compared in the following table :— 



Inspired or 
Atmospheric Air. 

lilxpired Air. 

Oxygen ..... 

20*96 vols. per cent. 

16*03 vols. per cent. 

Nitrogen. 

79 

79 

Carbonic acid .... 

0-04 „ 

variable 

4*4 „ 

Watery vapour 

saturated 

Temperature .... 

>5 

that of body (37C.). 


The nitrogen remains unchanged. The recently discovered gases, 
argon, crypton, etc., are in the above table reckoned in with the nitrogen. 
They are, however, only present in minute quantities. The chief 
change is in the proportion of oxygen and carbonic acid. The loss of 
oxygen is about 5, the gain in carbonic acid 4*5. If the inspired and 
expired airs are carefully measured at the same temperature and 
barometric pressure, the volume of expired air is thus rather less than 
that of the inspired. The conversion of oxygen into carbonic acid would 
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not cause any change in the volume of the gas, for a molecule of oxygen 
(O 2 ) would give rise to a molecule of carbonic acid (COg) which would 
occupy the same volume (Avogadro's law). It must, however, be 
remembered that carbon is not the only element which is oxidised. 
Fats contain a number of atoms of hydrogen which during metabolism 
are oxidised to form water; a certain small amount of oxygen is also 
used in the formation of urea. Carbohydrates contain sufficient oxygen 
in their own molecules to oxidise their hydrogen : hence the apparent 
loss of oxygen is least when a vegetable diet (that is, one consisting 
largely of starch and other carbohydrates) is taken, and greatest when 


much fat and protein are eaten. 


CO 2 given off . 

The quotient - - - - is called 

O 2 absorbed 


the respiratory quotient. Normally it is 
considerably with diet, as just stated. 


4-5 
5 ^ 


= 0-9, but this varies 


THE GASES OF THE BLOOD 

Before we can understand either the chemistry of respiration or 
its regulation, which is in part a chemical process, it is necessary that 
we should study the fundamental laws which regulate the retention 
of oxygen and carbonic acid in the blood ; and as the blood presents 
many complications, it will be best at the outset to consider the solution 
of gases in such a simple medium as water. 

Solution of Gases in Water 

If water is shaken up with oxygen, a certain definite amount of 
oxygen will become dissolved in the water. Under the same conditions 
the same quantity of oxygen would always be dissolved, and in the 
following argument it is assumed throughout that the temperature 
remains constant. The amount dissolved, then, depends upon two 
circumstances, each of which can be measured. The first is the pressure 
of the oxygen to which the water is exposed when shaken ; the second 
is a property of the oxygen itself, namely, its solubility in water. The 
solubilities of different gases differ very much ; some (for instance, 
oxygen) are not readily soluble in water, whilst others, such as carbonic 
acid, are very soluble. 

If a cubic centimetre of water is introduced into a large air-tight 
bottle containing pure oxygen at the atmospheric pressure, and another 
cubic centimetre of water is similarly placed in a bottle containing 
pure carbonic acid at the same pressure, the former would be found 
to have dissolved 0*04 c.c. of oxygen, the latter 1 c.c. of carbonic acid 

6 
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These hgures represent the degrees to whicii the two gases are soluble 
in water under similar circumstances, and are ('ailed thi‘ir eoeOirients 
of solubility. 'Fhe coefflcieni of solubiliiy of gas in a li(juid is thercdorct 
the amount of a gas which 1 c.c. of liciuid will dissolve at 7fHI inin. of 
mercury, that is, at atmospheric pressure. 

The c|uantity of gas which a liquid will dissolve dc‘j)encLs also upon 
the pressure of the gas to whkdi the licjuid is exposed. I'hus, in the 
instance given above, if the oxygen had been rarefied in the bottle until 
it only exerted a pressure of one-fifth of an atmosphere, the* witter would 
have only taken up not ()*()4 c.c. of oxygen, but only onediftli of that 
amount, 0*008 c.c'. If we represent the c'oeffk'ient of solu!>ility of a 
gas by K, and the pressure of the gas to which the litiuid is exposed fty 
P', and the atmospheric pressure by P, then the quantity (Q) of the 
gas dissolved by 1 c.c. of the liquid may be found by the followfing 
formula — 

P' 

0=KXp. 

Dalton-Henry Law. —What has been said above is as true of gases 
which are mixed together as of pure gases. For instance, wt! have seen 
that a cubic centimetre of water shaken up with oxygen at one-fifth cjf 
an atmosphere (152 mm. pressure) will ab.sorl> 0*04 x I j 0*fK)8 ; 

if it is shaken with nitrogen at a pnsssure of four-fifths of an atmospliere, 
it will dissolve 0*02 x i r=()*()l() c,c. If now a c.c. of watca* is shaken 
with air (a mixture of one part of oxygen to four of nitrogen) it will 
dissolve 0*008 c.c. of oxygen and 0*016 c.c. of nitrogen. 'Phis fiit't has 
been stated as the Dalton-PIenry law in the following words : When 
two or more gases are mixed together, they each produce tht; siuiie 
pressure as if they separately occupied the entire space and the oilier 
gases were absent. I’he /o/aZ pressure of the mixture is the sum of 
the partial pressures of the individual gases in the mixture*. 

The Tension of Gases in Fluids 

In the cases which have been discussed up to this point, a (*onditiori 
of equilibrium exists lietween the gas dissolved in the fluid and the 
gas in the atmosphere to which the fluid is expostfd, so that as many 
molecules of the gas leave the surface* of the fliikl ns enter it. 'Hie 
gas dissolved in the fluid, therefore, exercises a pressure whkrh is the 
same as that of the gas in th(j atmosphere when ec|ullibriy.m exisis. 
Por the sake of convenience the word "fensim is afiplied to the pressure 
of the gas in the fluid. 

Definition of Tension,—Hht ten.sion of a gas dissolved in a fluid is 
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equal to the pressure of the same gas in an atmosphere with which the 
gas in the fluid would be in equilibrium. Above, we have called the 
pressure which the gas exerts on the liquid, P'. If we call the tension 
of the gas in the liquid T, we find that when equilibrium exists P' = T. 
In the case of all true solutions, therefore, we may replace P' in our 

T 

previous equation by T ; therefore Q = KXp. We thus arrive at a 

relation between two separate things, which must be most carefully 
distinguished from one another—the quantity of the gas dissolved in 
the liquid and its tension. 

Measurement of l^ension in Fluids — Aerotonometer .—Numerous 
instruments have been invented for measuring tension. They are called 
tonometers. Krogh’s (fig. 30) is the best. 

It consists of a T-shaped cannula (A) 
introduced into the blood-vessel, say the 
carotid artery. The blood fills the cavity 
B and leaves it at C, so that a constant 
stream of blood is kept flowing. Into 
it a small bubble of air (D) is introduced. 

Exchange of gases takes place between 
the bubble and the blood, and the former 
very soon gets into equilibrium with the 
latter. When it has done so, the bubble 
is withdrawn up the capillary tube E, 
taken away, and analysed. 

As an example, suppose the bubble 
on analysis proved to consist of 4 per 
cent, carbonic acid and 12 per cent, oxygen, together with nitrogen 
and aqueous vapour. The gas in the instrument was compressed 
by the pressure of the arterial blood (say 120 mm, of mercury) 
in addition to the atmospheric pressure of 760 mm. of mercury, and 
therefore its total pressure was 120 + 760 = 880 mm. of mercury. Four 
per cent, of this would have been due to the carbonic acid ; 4 per cent, 
of 880 is 35*2. Twelve per cent, would have been due to the oxygen ; 
12 per cent, of 880 is 105-6. That is, the carbonic acid and oxygen 
tensions would have been in round figures 35 and 106 mm. of mercury 
respectively. 

Measurement of the Quantity of a Gas in a Fluid 

The most general method of determining the quantity of gas in a 
fluid is by boiling a measured quantity of the fluid in a vacuum. The 
gas is all given off; it may be collected and measured. In the case 
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of blood, which is the only lluid that need he (*onsidered, this process 
is carried out by means of a mercurial air-pam{> known as tlie f)Iood* 
gas pump. One f)f the numerous forms of mc‘n'ury pump is descTihc*d 
in the Appendix. 

The total gas obtained is first nuaisured ; the carbonic acid is 
removed by caustic potash, and the gas that remains, which consists 
of oxygen and nitrogen, is measured ; the oxygen is then removed l>y 
pyrogallic acid, and the residual gas is nitrogen. Haldanc/s apparatus 
for carrying this out is described in the Appendix. Another metho<i 
is the following 

Chemical Method of Blaod-gas Analysis ,-a solution of 
oxyhaemoglobin is shaken with potassiutn ferricyanide it yit‘lds lh(* 
same amount of oxygen as it would if boiled in a vacuum. In hiked 
blood the yield in a vacuum is a little greater because then the small 
amount of oxygen in solution in the blood-plasma comes off in addition 
to that bound to haemoglobin. Similarly tartaric acid drives off the 
carbonic acid, but a correction has to be made for what remains in 
solution. The last practical exercise in to»dayks lesson shows how 
these gases can be collected in a simple form of apparatus. Barrroft^s 
most recent improved apparatus is described in the Appendix. 

The chemical method is not quite so accurate as the vacuum pump, 
but it is much more convenient for the study of many profilems, as 
it requires less blood, and, owing to its simplicity, a grc?at number of 
observations can be made upon a single animal It ciin also Ije used 
for observations on human blood. 

Relation between Quantity and Tension of Gases in Blood 

In the preceding paragraphs the methods of measuring the tension 
and the quantity of gas in a given sample of blood have heten d(‘Krrihed. 
It is now necessary to consider the relationship between them. 

On p. 163 we have seen that for gases in solution in water, 

0 = pj where Q is the quantity of gas dissolved, 1* the tension, K 

the coefficient of solubility, and P the atmospheric pressure, Hincx? 
K and P are constant, it follows that Q varies directly in proportion to T; 
that is to say, if the tension is doubled, the (luantity of gm dissolved 
is also doubled ; if the tension is trebled, the quantity of gas is trebled, 
and so on. These results might be plotted out on a curve in which the 
quantities are placed on the ordinate, and the tensions on the abscissa. 
Such a curve would give the quantity of gas dissolved at any given 
tension, and, in the case of water, it would turn out to be a straight line. 
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But in the (*ase of botii the oxygen and the carbonic acid in blood, 
the curve showing the relationshij) between the tension of gas and the 
volume whicdi can be pumped off is not a straight line. 

Oxygen in Blood.— hrom every lOO c.c. of arterial blood, about 
20 c.c, of oxygen am be removed by the air-pump. Nearly all of 
this oxygen is chemically combined with hicmoglobin : the amount 
in actual solution in the blood is 0*7 c.c. for every 100 c.c. of blood. 
Hiemoglol>in owes its value as a respiratory pigment to two principal 
facts : (i) It am unite with a large cjuantity of oxygen, and therefore 
blood can carry about thirty times as much oxygen to the tissues 
as plasma would under the same conditions. (2) The inter¬ 
action between haemoglobin and oxygen i.s a reversible one ; the two 
unite in the lungs, where the pressure of oxygen is high; but when 
oxygen is absent or at a low pressure, as in the tissues, the oxyhhemo¬ 
globin parts with its store of oxygen. 



F»<». f.ur.pcnded horis'ontally 

in warm bnth in whtrh it is rotated. 


We will now consider the nature of this union, and the conditions 
under which it lakes place. 

The reaction between haemoglobin and oxygen is a chemical one. 
At most, I gramme of hiemoglobin can unite with 1-34. c.c. of 
oxygen. This figure is not quite constant probably on account of 
slightly different forms of globin (the protein constituent of htemo- 
glohin) united with the ha*matin (the iron-containing constituent) 
in different animals. I'he relation between the respiratory oxygen 
and the iron of the haemoglobin is, however, cpiite constant, and is 
called the specific oxygen capacity.'^ Each gramme of iron in 
hiemoglobin unites with 400 c.c. of oxygen; these figures are in the 
relation of one atom of iron to two atoms of oxygen. The reversible 
nature of the reaction may, therefore, be expressed by the e(|uation 
x\ reversible reaction means that it will go in enther 
direction according to the concentration of the sul:).stanccs present; 
thus if the concentration of oxygen m solution is increased, more of 
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the haemoglobin will become oxyhaemoglobin ; and if it is diminished, 
oxyhaemoglobin will break up into reduced haemoglobin and oxygen. 

The quantity of gas in solution (that is, not united with hmmoglobin) 
varies in proportion to the oxygen pressure to whic'h the luemoglolnn 
solution is exposed ; therefore the problem before* us is to ascertain the* 
relative quantities of oxy- and rcduc'cd luemoglobin whc*n a luemoglijfan 
solution is shaken uf) with oxygem at differcait pressures. 

This can be done by means of JkinToft’s tonometer (fig. .'il). 
Suppose we have six of these tubes, and c?ac*h ('ontains tin* saint* 
amount (a few c.c.) of haemoglobin solution, and gases of the ft»1 It»wing 
composition 


No. 1. Nitrogen and no oxyge‘n. 

No. 2. Nitrogen and enough oxyg(‘n to give b mm. oxygem pn*ssun‘. 


No. 3. 
No. 4. 
No. 5. 
No. 6. 


n 


j; JJ 

jj 


?? 


50 „ 

100 „ 


Each tonometer is rotated round and round in a l)ath at body ttnn- 
perature until the haemoglobin and the oxygen are in ec|uilibriiim ; this 
will take about fifteen minutes; the solution is then withdrawn and 
examined in order to ascertain the relative quantities oxy and 
reduced haimoglobin in eac*h of thi* six vessels. 

The figures for a pure solution of haemoglobin would be : * - 


I Percentage of reduced hiwnoglobin 
I Percentage of oxyhiemoglobin 


No. L| 

No. 2. 

No. 3. 

No. 4. 

No. ai 

Nr?, a 

i 

KM) 1 

f»3 

4^1 i 

2H 

13 ■ 

1 

i *1 

0 

37 

33 , 

72 

H7 

i 

KK) 

KK) 

KKJ 

KM) 

inn 

! KM) 


The same answer may be expressed graphically ; if the* pressures of 
oxygen are plotted horizontally, and the pc^reenlages of oxy and 
reduced haemoglobin in the solution are plotted vcTtifirlly, we gel the 
curve shown in the accompanying diagram (fig. 32), which is nillrcl the 
dissociation curve of hmmoglobin. 

A solution of pure haemoglobin is, however, not the Hiirne thing m 
blood, and the dissociation of oxyhaemoglol)in in the* latter fluid during 
life is influenced by various conditions, especially by (1) teriiperaturif, (2) 
the presence of salts, and (3) the presence of acids, espeeiiilly earlaitiic 
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acid. These factors make the oxyhemoglobin molecules break down 
more rapidly, and form more rapidly. It is clearly necessary that the 
two processes (the union of hemoglobin with oxygen, and the liberation 
of oxygen from oxyhemoglobin) should occur at the same rate, that 
is under one second, which is about the time occupied by any given 
portion of blood in travelling along the capillaries. 

It would be futile to have an oxygen carrier in the blood which took 


Total Haemoglobin 100 



Oxygen Pressure in mm. of Mercury. 

Fig. 32-—-Dissociation curve of hsemoglobin at 37“ C. The shaded area 
represents reduced hjemoglobin; the white, oxyhaemoglobin. 


a fraction of a second to acquire its oxygen in the lungs, and a fraction of 
an hour to release it in the tissues. Yet a solution of pure haemoglobin 
is just such a substance. In the actual blood, however, the three factors 
just mentioned, the salts, especially the potassium salts of the red 
corpuscles, the high temperature, and the presence of carbonic acid at 
40 mm. pressure, increase the rate of dissociation of oxyhaemoglobin so 
greatly that it equals the rate at which the union of oxygen and 
haemoglobin occurs in the lungs. Nature has adapted the conditions of 
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life so admirably that the needs of the body are served by a substance 
haemoglobin, which by itself is inefficient for oxygen transport. 

The next figure (fig. 32) shows the dissociation curve in the actual 
blood, and it should be carefully compared with fig. 33. The two 
present to the eye graphically the superiority of haemoglobin as an 
oxygen carrier when it is present in the living blood over that which it 
possesses in a pure solution. 

In the second curve, that of the blood itself, it will be seen that at 



Oxygen Pressure in mm. of Mercury. 

Fig. 33. —Dissociation curve of hfemoglobin in the blood. The .shaded area a.s before 
repre.sents reduced hasmoglobin ; the white area, oxyhannoglobin. 


an oxygen pressure of over 60 mm. of mercury (the pressure in the lung 
alveoli is about 100) the blood will nearly saturate itself with oxygen, 
and that at pressures below 50 the blood loses its oxygen rapidly, whilst 
at 10 mm. pressure it is nearly completely reduced. As the rate at 
which oxygen can diffuse out of the capillaries into the surrounding 
tissues depends upon the pressure it exerts in the plasma, it is important 
that the blood should be capable of a considerable degree of reduction 
when it is in contact with fluid containing oxygen at a pressure such as 
one finds in the tissues (20 to 30 mm. of mercury). 
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Carbonic Acid in Blood.—Pure distilled water dissociates to a 
trifling extent into H and OH ions, which of necessity are equal in 
number, so we speak of water as neutral, not because it is neither 
acid nor alkaline, but because it is both in equal degree. Blood, though 
alkaline to litmus, nevertheless contains H ions, and so has a certain 
degree of acidity. The unit of acidity is the concentration of H ions 
in a normal solution of HCl (36*5 gr. per litre); compared to this 
the H-ion concentration in blood is very small indeed, being only 
0*000,000,032. Nevertheless, variations in this figure produce pro¬ 
nounced effects, an increase leading to stimulation of the respiratory 
centre. The principal acid to which this is due is carbonic acid 
(H 2 CO 3 ), and though CO 2 is being continually thrust into the blood 
by the tissues especially during activity the H-ion concentration in 
health varies but little, for certain substances in the blood spoken of 
as “ buffers ’’ seize it, and hold it in combination. These are principally 
sodium bicarbonate, sodium phosphate, and proteins. The first- 
named secures most of the COg, the proteins get about a third, and 
among the proteins Buckmaster finds haemoglobin the most efficient. 
Whether COg haemoglobin is in the same category as other compounds 
of this pigment with gases is uncertain; finally, about 5 per cent, is 
present in simple solution. The total CO 2 is about equal to what 
water would absorb at 760 mm. pressure, but most of this is in com¬ 
bination, so small an amount being free that the blood is in equilibrium 
with a COg pressure of only 40 mm. Hg (5 per cent, of an atmosphere). 
Much in the same way that oxyhaemoglobin dissociates in the tissues, 
the COg compounds dissociate in the lungs, and COg is discharged into 
the air. 


Differences between 

Arterial and 

Venous 

Blood.—The average 

quantities 

of gases in 

human blood 

are as 

seen in the following 

table :— 








For 100 volumes of blood. 




Arterial. 

Venous. 


Oxygen. 

% 

18*5 

12 


COg . 

. 

50 

56 


Nitrogen 

. 

2 

2 


Nitrogen is simply dissolved from the air and has no physiological 
significance. The other two gases are important, and the numbers for 
venous blood vary a good deal; tissue activity makes venous blood 
still more venous. But on the average, every 100 c.c. of blood which 
pass through the lung gain 6*5 c.c. of oxygen and lose 6 c.c. of COg. 
We have now to study how this interchange is effected. 
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THE MECHANISM OF CASEOUS EXCHANCE IN THE LXJNC 

1. Oxygen.-"" The simplest explanation of tlic passage of oxygen 
from the alveolar air into the blood is that the process is one of 
diffusion. d1iis view can he maintained if it can be; proved that iht; 
pressure of oxygen in the alveolar air is as great as or greater than 
the tension of oxygen in the arterial blood, and thendbre a fortiori 
greater than that of oxygem in the venous blood. 

The con('eption of respiration based upon this view would be that 
the oxygen in the air of the alveoli, though less than that in the; 
atmosphere, is greater than that in venous blood ; he.nce oxygen passes 
from the alveolar air into the blood-plasma ; the oxygen irarnediately 
combines with the huemoglobin, and thus leaves the plasma fre(; hi 
absorb more oxygen ; and this goes on until tlK‘ luemoglobin is entirely, 



or almost entirely, saturated with oxygen. The reverse change oeeurs 
in the tissues when the partial pressure of oxygcai is lower than in the 
plasma, or in the lymph that bathes the tissue* elements ; the plasma 
parts with its oxygen to the lymph, the; lymph to the tissues ; the* 
oxyhxmoglobin then undergoes dissoeiation to supply more* oxygen to 
the plasma and lym]>h, and thus in turn to the; tissues c^nee* meae. 
This goes on until the oxyhiumoglohin loses about half its store ed' 
oxygen. 

This view is regarded as the (xjrrt‘rt one*, owing to the* ae*e*tirate 
determinations which can now l)e made, first, of the oxygem pressure in 
alveolar air, and se(;ondly, of the oxygen tcaision in blood. We will take 
the two in the order named. 

i. The Pressure of Oxygen in the A/veolar Haldane and 

Priestley introduced a very simple method of collecting alveolar air. A 
piece of rubber tubing is taken about 1 mvh in diamtder and about 
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4 feet long (lig. 34}. A nujuthpiece is fitted into one end. About 2 inches 
from the mouthpiec'c a small hole is made into whic'h is inserted 
th(‘. tube of a gas-ret'civer, or sam])ling--tul)e, as in fig. 34 (p. 170). 
'File gas-receiver is fitted at the iqiper end with a three-way tap, and 
the lowcT end is also (‘losed by a tap ; before it is used it is filled with 
menairy. 'Vhv subject of the experiment breathes normally through 
the tufxj for a time, and then, at the end of a normal inspiration, he 
{‘Xiiires cpuh'kly and vcTy deeply through th(‘ mouthpiec(‘ and instantly 
closets it with his tongia*. 1'he lower tap of the ntceivetr is thcai turned, 
and as the iiKTcury runs out, a sample of the air takes its place and fills 
th(‘ rec(*iver ; this sampl(‘ is them analysed. A s(t(‘ond (‘xperiment is 
then dontt, in whi(‘h lh(‘ subject expin‘s deeply at th(‘ (md of a normal 
exfiiration, and another sa.mple obtained. d’h(t mean ritsult of the two 
analys(‘s gives th(‘ (‘omprisition of alveolar air. 

It is found on analysis that th(‘ normal cixygen pressure in the 
alveoli is approximately ec|ual to 100 mm. of mercury, and this is 
ecpiivalent to 13 per cent, of an atm<)si)h(u*e. 

ii. 7Vie 7'enswn of Oxygen in ike Blood. 'Fhis is <‘slimated by 
Kroghks tonometer (fig. 30, p. 163), and the experiments show that 
the tension of oxygen in the blood is lower than the alveolar oxygen 
pressure. If the latter is artificially raised or lowered, the oxygen 
tension in the lilood rises and falls in the .same way, hut always remains 
lower than the oxyg(?n pressure in the alveoli. 

Some* authorities consider that in cases of definiU* oxygen want, 
.sueh as during violent muscular exercise, or on the tops of high 
mountains, the* lining e[)ith(*lium of the; pulmonary alvcjoli can, by a 
proc’ess of ac’tivc* sesTction, transfer oxygen from the* alv(‘f)lar air to the* 
blood. In thf* c*ase of exenase* the ohservatieais mael(! by diffeTent 
workers arc* at varian<*<*, whilst at liigh altitudes th(‘y arc.* .so f(.*w as to 
make furthc*r work dc*siraf)I<‘ before physiologists gencTully cam aec'ept 
the* {lossifiility of the* scsTetion c>f oxygen l>y the* lung. 'Fhat secretion 
is not impossifik* is shown by the fact that a similar secrc‘tion ofoxygc'n 
is known to oc*cur in the* swimd)laddc*r of certain fishes. 'Fhc* swittn 
hladclc‘r (*orn*sponds morphologic'ally with the lungs of a mammal, 
and the* oxygem stort*d in it is far in excess of anything that cam he* 
explainc»<l by mere* diffusion from the* sea-water. 'Fhis storage of 
oxygen, moreover, <*eases when the vagus nerves whic'h supjily the* 
swim-t)Iadder are divided. 

2, Carhonic Acid.- Flere, again, the same two m(a:isuremc‘ntH arc* 
nec'essary and are obtained in the same way. 'Fhe alveolar tc*nsion of 
this gas is always lower than that of the arterial blood ; tlie pri*ssure 
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differences are less than in the case of oxygen ; this c'oinei<ies with the 
ease with which carbonic acid passes out through th<* uicuihrane which 
separates the blood from the air. 

It is unnecessary to suppose that the alvtmlar epithelium acliv(‘ly 
excretes CO 2 , for mere diffusion will explain thc‘ passage* of that gas 
from the blood to the alveolar air. 

The following table summarises the main facts in relation to tlu* two 
gases, and the arrows show how they always pass from situations of 
higher to those of lower pressure. 


Pressure (Tension) of Gases 


Lungs. 


Oxygen- 100 min. 


Carbonic 

Acid 


40 mm.-^- 


Arterial Blood. 

( Just under | 
""l'100 mm. I 
( Just over I 
[ 40 mm. I 


Venous Blood. Tissue's. 

mm. mm. to/c*ro, 

45 mm.-^ over 45 mm. 


Numerous other pieces of apparatus are era(>loyed in invc\stigating 
gaseous exchange. Thus the spirometer^ a form of gasometer, is used 
for collecting and measuring the expired air. Tt has been rctcxmily 
improved by Krogh to make it a recording in.strumcnt. The Douglas 
bag has played an important role in investigating n*.spiralf>ry meta¬ 
bolism. It is an empty air-tight hag into which the subject breathes ; 
it is carried on the back, and so may lx* employed during varying 
conditions of the subject such as rest and work. The total gases 
breathed out can thus be measured, and samph*.s withdrawn fr^r 
analysis. 


CAUSE AND EEGULATION OF EESPIEATION 

The activity of the muscles of respiration is c-ontrcdled f^y a 
specialised small district of grey matter in the floor of the fourth 
ventricle, which is called the respiratory centre. The* activity of this 
centre is regulated by two main factors: (1) the action upon it by 
afferent nerves, of which the most important are the? vagus nerves from 
the lungs, and (2) the chemical condition of the blood. 

If the lungs of an animal are alternately and forcibly inflated and 
deflated with air, or if a man voluntarily takes a number of deep l^reaths 
rapidly for a minute or two, breathing then ceases for a variable time, 
and this condition is termed apnma. This condition is not due, as was 
at one time supposed, to an over-oxygenation of the blood, nor k it 
produced, as Head considered, purely as a result of the excitation of 
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the vagus nervc-endings in the lung, for it occurs after the vagus 
nerves arc* severt‘cl. Fredc‘ricq has always maintained that apnoea has 
a (‘hemieal rather than a nervous origin ; he attributed it, however, not 
to over-oxygenation of the !)lood, but to a lessening of the carbonic 
acid which is swef)t out of the body by the powerful respiratory efforts, 
Haldane and Priestley c‘orroborated this view by their important 
researches. 

They found that, unde*!* c'onstant atmospheric j)rcssur(*, in man the 
alveolar air contains a nearly c'onstant percx'ntage of carbon dioxide 
in the same j)erson. In differ(‘nt individuals this ])erc'entage varies 
.somewhat, but averages 5*1 per cent, of an atmosphere in men, and 
4 '7 in wxmien and c'hildren. 

With varying atmos{)heric pressures the percemtage varic's inversely 
as the atmospheric pressure, so that the pressure or tension of the 
<*arbon dioxide rc^mains constant. ITc oxygen pressure, however, 
varies widely under the same conditions. 

These observations and the next to be immediately described 
i'urnish the chemical key to the cause cT the amount of pulmonary 
ventilation, and play an important part in conjunction with the 
respiratory nervous system in the regulation of breathing. For the 
respiratory centre is not only affected by the impulses reac!hing it by 
the vagi and other afferent nerves, but it is also very sensitive to any 
rise in the tension of carbon dioxide in the blood that supplies it. The 
changes in the tension of this gas in the arterial blood arc normally 
proportional to the* cdianges in the c*arbon dioxide pressure in the alveoli, 
and the cdianges in the lung alveoli arc; transmitted to the respiratory 
c(*ntre by the blood. 'They found that a rise*, of 0-2 per (X‘nt. in the 
alveolar carbon dioxide pressure is sufficient to double the amount 
of alveolar ventilation during rest. During work the alveolar carbon 
dioxide pressure increa.ses slightly, and the pulmonary ventilation is 
conseciuently increased. 

Cdumges in the oxygen pressure within wide limits have no such 
influence ; the normal chemical stimulus to respiration is, therefore, 
an increase of carbon dioxide, and not diminution of oxygen. If these 
limits are exceeded, as when the oxygen pressure falls below 13 per 
t*ent. of an atmosphere, the respiratory centre begins to be excited 
hir want of oxygen. Physiologists now agree that fatigue products, 
such as sarcolactic aedd, assist the carbon dioxide in stimulating the 
respiratory centre. The important stimulus is not any f)articular add, 
but the total hydrogen-ion concentration. 

In connection with the relative importance of th<? nervou.s and 
chemical factors in breathing, F. H. Scott has .showm tlmi thtt primdpal 
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respiratory nerves (the pneumo-gastrics) regulate the rate or rhytinu 
of the respiratory movements, whilst the chemical factor specially 
regulates the amount of pulmonary ventilation, that is, the depth of 
the individual respiratory efforts ; for when these nerves are divided, 
a rise in the alveolar tension of carbon dioxide (or grea^ diminution 
of the oxygen in the respired air) increases the depth, but not the 
rate of breathing. 

In a normal respiration the chemical and nervous factors would, 
therefore, appear to be related somewhat as follows : — 'Fhc^ inspiratory 
centre makes an effort, the degree of exaltation of the centre, and, 
therefore, the magnitude of the effort, more especially in thet 
matter of depth, is governed by the tension of carbonic arid in 
the blood, but it is cut short by an inhibitory impulse passing up 
the vagus, only to begin again when the effects of this inhibitory 
impulse are removed. 


TISSUE EESPIKATIOH 

It must be borne in mind that pulmonary respiration is but the 
means of supplying the tissuc*s with oxygen and n‘nioving from the 
body the waste products of tissue activity sucli as caribou dioxiile. 'I*he 
amount of respiratory excdiange which takes plac’c in the* tissues is 
connected with the degree of metabolism which occ'urs there. 

Tissue respiration consists in th(! {)assage of oxygen from the blood 
of the capillaries to the cells of the tissues, and the passage of carbonic 
acid in the reverse direction. I’his gaseous intenhange is no dfai!>t 
brought about by a simple pro(‘ess of diffusiem. oxygen pas.sc\s f)ut 

of the plasma of the blood through the capillary wall, and theti through 
the lymph until it reaches the cell in which it is going to bcj usexi. In 
order that a constant stream of oxygen may pass frorti tfic* Ithnnl to the 
cell, there must be a diff(;renee of oxygen pressure betwexm th(* oxygem 
dissolved in the plasma and that dissolved in the lymph, and the* latter 
must be at a greater pressure than that dissolved in thf* ca*lL 1lie 
amount of oxygen which passes will, other things l)eing ec|ual, be; 
directly proportional to these pressure differences, and as the amount 
varies greatly at different times, it is olwious that the pressure differences 
vary greatly also. When, for instance, a muscle is at rest, the oxygen 
pressure in the capillaries is very near to that in the muscle fibre ; 
when the muscle is active and using large cfuantities of oxygen, the 
intra-capillary oxygen pressure is much greater than the intra-muscular 
oxygen pressure. Such a change might be brought about by a rise 
in the intra-capillary oxygen pressure, or a fall in the intra-muscular 
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oxygen pressure*, or hy both taking simultaneously. Let us 

therefore iiKjuirc? what is kiicnvn about these (piantitics. 

The haision of oxygen in niusele has reee^ntly heem ('ak'ulatecl as 
being at most cajual to Ih mm. of nu^reury ; from this it may vary 
down to z(*ro. Within thc*se limits tlu* conditions for cliiTusion can l)e 
increased by a drop in tlie intra-muscadar oxygen pressure. 

'rh(‘r(* is, in addition, a nu‘chanism for raising the intra-eapillary 
oxygen pn*ssurc‘. 'This is th(* im'naised (juantity of ac'id (('arhonic and 
saia'olaetic acids) whieli is thrown into the*. l)Iood as the result of the 
metabolism in the muscles and other lissu{‘s. 

In glandular structures th(^ oxyg(‘n ])rt‘ssurt^ is higher than in 
musc'lc!; probably owing to the r(‘Iatively mon* copious blood-supply of 
glands, (‘(|uilibrium is more naidily (*stablish(‘d f)(dween the* !)lood and 
thet gland (‘(‘11s, the oxygeti pressure in the c(‘lls lacing almost that 
pn*sent in venous blood. 

'The r|uantity of oxygen uscxl by different tissues varies not only 
with the degree of their adiVity, but also with the nature of the tissues. 

()n the whole* it may 1)(* said that, w<‘ight for weight, glandular tissue 
uses most (oxygen ; next in order (“ome the muscular tissu(‘s, and last of 
all, the connective tissues. There are some important tissiu's, notably 
the nervous systcmi, almut which little is known in this connection. 
The amount of oxygen iiscxl hy an organ or tissue; j)er gramme {)er 
minute is cxilled its caeJficietU of oxidation. 

In ordcT to obtain the; eoefficacmt of oxidatic)n, it is ncx'essary : ( 1 ) 
to (‘stimate the gases in th(; blood going to and emerging from the 
organ ; (2) to d(t(*rminc‘ tlic; amount of blood {)assing through the 
organ in a given time, say c)n(‘ minute*; and (.1) at the; (‘onelusion of 
the (‘xperinient the organ is wc‘ighed so that its gasc‘ou.s ext'hange c!an 
he ciilc-ulated. 

In order to mc'asun* the gasc^ous c‘xc‘hangc* of an organ <wc;r a long 
pericxl the organ is .supplied with blood whic*h alternately traverses the 
organ and abrates itself in a cdosed chamber. 'Fhc; amount of oxygen 
in the chamber is kept constant l)y the; addition of that gas to the air 
of the chamber at the same rate; at whicdi the; carcadation ac!c[uires it. 
The amc)imt of oxygcai sci added is measures!. The mclhod has 
recently been applied witii conspietuous success to the gasc;c)u.s exedumge 
of the heart. 

Rclaiion of 'Fissue Respiration to Imnctlonal Activity. In all 
organs, so far as is known, increased ac'tivity is ac!e*oinpanic‘d l)y 
increased oxidation. 

Muc:h interest centres about the e„|uestion of tlie; ordcir of time; in 
whiedi these events take fdacx*. This matter has hec;n investigatexl in 
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the case of skeletal muscle and the suhniaxillary gland, both of 
which organs can be thrown into profound activity for a. short space 
of time ; in each case most of the oxidation follows upon tint activity, 
and not the activity upon the oxidation. llic‘ important iiiferent‘e is 
drawn that the contraction or secTction, as tin* (use may !)c% is ma 
caused by the oxidation in the sense that llu? machinery of a locomotive* 
is driven by the energy derived from the oxidation of the* coal ; rather 
is the mechanism like that of a spring which is libcnitc*d at tlic* moment 
of doing the work, and has to lx? rewound subse(|uently ; the procc*ss 
of rewinding involves oxidation. In the caise of inuscle, the* heat- 
formation which occurs in the p(‘riod folhnving activity only takes 
place if the muscle is supplied with oxygen, llic output of carlKmic* 
acid, in its turn, follows upon the intake of oxyg(*n. The cjrder of 
events is, therefore: (1) in(T{*ase of fundiona! activity; (2) increase 
of heat formation and oxygen taken in ; and (5) inc'rease of curlKmic: 
acid put out. 

The table on the next page shows the c'oefficients of oxidaticai 
for resting organs, and the extent to whicdi they an* inrreasc?d in 

activity. 

Intensity of Respiration ,—of the figures relating to gas(*ous 
metabolism given in that talile were obtained from the examina¬ 
tion of the tissues and organs of the dog. If all the tissues were 
examined in turn and their relative weights known, an average 
might be struck which would give the gaseous melalKdi.siii for the body 
taken as a whole, and this might be expressed as the amount of oxygen 
used per minute per gramme of body-weight. An eiisier and more 
practical method would he to weigh the animal, and them from the 
composition of the inspired and expired air and thc! amount of oxygen 
taken in, and given out, calculate how much m adairied and utilined. 
In the dog, the amount is about 0*016 e.c. of oxygen per minute per 
gramme of body-weight. This figure, however, is not the same in all 
animals, and the size of the figure will indicate what we may term the 
intensity of respiration. Thus in cold-blocKled animals, especially fishes 
with^their small supply of oxygen, the figure is very much smaller. 
But in warm-blooded animals great variations are .seem ; the intensity 
of respiration, for instance, is much greater in birds than in mammals. 
Among the mammals, the intensity of respiration varies, roughly, 
inversely with the size of the animal; thus, in the moust% an animal 
that breathes with extreme rapidity, the intensity is probably ten to 
fifteen times greater than in the dog, and in the elephant very much 
less. In man the average is about half that in the dog, that is 0*008 c.c. 
of oxygen per gramme of body-weight per minute. 
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Organ. 

Condition of 
Rest. 

Oxygen used 
per minute 
per gramme 
of organ.. 

Condition of 
Activity. 

Oxygen used 
per minute 
per gramme 
of organ. 

Voluntary 

muscle. 

Nerves cut. 
Tone absent. 

0-003 C.C. 

Tone existing in rest. 
Gentle contraction. 
Active contraction. 

0-006 c.c. 
0-020 C.C. 
0-080 C.C. 

Unstriped 

muscle. 

Resting. 

0*004 c.c. 

Contracting. 

0-007 C.C. 

Heart. 

Very slow and 
feeble con¬ 
tractions. 

0*007 c.c. 

Normal contractions. 
Very active. 

0*05 c.c. 
0*08 c.c. 

Submaxillary 

gland. 

Nerves cut. 

0*03 c.c. 

Chorda stimulation. 

0*10 c.c. 

Pancreas. 

Not secreting. 

0*03 c.c. 

Secretion after injec¬ 
tion of secretin. 

0*10 c.c. 

Kidney. 

Scanty secre¬ 
tion. 

0 03 C.C. 

After injection of 
diuretic. 

0*10 c.c. 

Intestines. 

Not absorbing. 

0*02 c.c. 

Absorbing peptone. 

0*03 C.C. 

Liver. 

In fasting 
animal. 

0*01 to 

0*02 c.c. 

In fed animal. 

0*03 to 

0*05 c.c. 

Suprarenal 

gland. 

Normal. 

0*045 c.c. 


... 


Acidosis.—It is most important that the reaction of the blood should 
be maintained at a nearly neutral level. The amount of OH-ions is 
slightly greater than that of H-ions, so that in usual parlance the re¬ 
action is very faintly alkaline, but an alkaline fluid contains H-ions 
which in excess would produce what we ordinarily call an acid reaction. 
A constituency which returns a Liberal to Parliament is labelled a 
Liberal constituency, but that does not mean that it is free from Con¬ 
servatives. This analogy may help us in realising what one means 
when one speaks of blood-acidity. To maintain the reaction necessary 
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for life, respiration and the kidn(‘y ('o-operaU*; the* fornua- reniov(‘s 
the acidic ions contained in carbonic ac’id ; the latter the laisic 

ions. Carbonic acid is the principal acid of the f)lood, anri in«'rea.se 
in it raises the hydrogen-ion concentration of that fluid ; this .stirmilat(‘.s 
the respiratory centre to increased adivity, and sia'h a state* is .spok<*n 
of as acidosis; excess of (K)^, however, does not in health raise thc! 
H-ion concentration beyond physiological limits, fa*catiM‘ <*crtain 
substances called imjfers in the blood (*oml)im‘ witli the C ’(()f ihc‘se 
the most important is sodium bi('arbonate, .\hiIIC().j. fn dct<*rriiiniiig 
whether acidosis is ])resent the* impejrtant thing te» ascertain is the 
proportion between the ('().> and thc* NalKX).., In tin* fraction 

[CO.J ... . . , r • ' • i 

rxr -rrJlr. . aculosis nuiy bc Uk‘ r(‘sult of an incTcasc* in the* numerator 
[NaHCOjjl ^ 

or a fall in the denominator ; if both rise* and fall c*c|iially there will he* 
no acidosis or alkalosis. Other acids may, }iowc*vcr, accmmilate ; emc* 
example is lactic acid ; this oc'curs aflc*r c‘xc*cssivc muscular activity, in 
oxygen want and in some forms of renal dihcasc, fuatcc* the* fcrc^atlilcss- 
ness of su(‘h states. In diabetes, hydroxyfnityric a«id lends alscj tc^ 
acidosis (p. 119). The reader is referred t<> larger tc‘xt biH»kH on Physi¬ 
ology and Pathology for a fuller discaission of the* .siihjcHl, the* iiiiporP 
unce of whk'h is now fully rec'ogniscal. f lenca*, in diM*aM% an inipoHaiit 
determination is the powcT the blood lias of neutralising acids, and the* 
CO 2 combining power of thc^ blood is oft(*n tcrmcai its alkaline reserve. 
This can be estimated in several ways c>f which Van Slyke’s is tlie 
most often used; his apparatus dircxlly estimates the blood- 

plasma (/. B/ai. Chem., 1917, xxx., p. 347). It depends on the 
vacuum extraction principle*, and c|uite small amounts cd* blood•fdasitiii 
are needed: the analyses cran f>e pc^rformed in thr<*c‘ iiiiniites ; lienc'e 
thc method is suitable for clinic*al use. Anothc*r inciftod he lian 
introduced is to calculate the iXl^ of thcj plasma from the rate of acid 
excretion in the urine. 
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URINE 

1. Test the reaction of urine with litmus paper. 

2. Determine its specific gravity ty the urinometer. 

3. Test for the following INORaANIC SALTS 

(a) Chlorides, —Acidulate with nitric acid and add silver nitrate; 
a white precipitate of silver chloride, soluble in ammonia, is produced. 
The object of acidulating with nitric acid is to prevent phosphates 
and urates being precipitated by the nitrate of silver. 

(b) Hidphates .—Acidulate with hydrochloric acid and add barium 
chloride. A white precipitate of barium sulphate is produced. Hydro¬ 
chloric acid is added first, to prevent precipitation of phosphates. 

(c) Phosphates. —i. Add ammonia ; a white crystalline precipitate 
of earthy (that is, calcium and magnesium) phosphates is produced. 
This becomes more apparent on standing. The alkaline (that is, 
sodium and potassium) phosphates remain in solution. 

ii. Mix another portion of urine with half its volume of nitric acid; 
add ammonium molybdate, and boil. A yellow crystalline precipitate 
of ammonium phospho-molybdate fa).ls. This test is given by both 
kinds of phosphates. 

4. UREA.—Take some urea crystals. Observe that they are 
readily soluble in water, and that effervescence occurs when fuming 
nitric acid {i.e. nitric acid containing nitrous acid in solution) is added 
to the solution. The effervescence is due to the breaking up of the 
urea. Carbonic acid and nitrogen come off. A similar bubbling, due 
to evolution of nitrogen, occurs when an alkaline solution of sodium 
hypobromite is added to another portion of the solution. 

5. Heat some urea crystals in a dry test-tube. Biuret is formed, 
and ammonia comes off. 

2COH2H4 = CgO^NgH^, -1- NH3 
[urea] [iDiuret] [ammonia] 

After cooling add a drop of copper-sulphate solution and a few drops 
of 20 per-cent, potash. A rose-red colour is produced. 

Further heating eliminates three molecules of ammonia, and three 
molecules of urea combine to form the cyclic cyanuric acid, 

con 

^ \ 

N N 

HOC (!:oh 


which may sublime and form a ring on the cooler portion of the test- 
tube. Cyanuric acid gives a violet coloured insoluble copper salt. 

6. Quantitative estimation of urea. 
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For this purpose Dupre's apparatus (fig. 35) is th.© most convenient. i 

It consists of a bottle united to a measuring tube by indiarubber tubing. 

The measuring tube (an inverted burette will do very well) is placed 
within a cylinder of water, and can be raised and lowered at will. 

Measure 25 c.c. of an alkaline solution of sodium hypobromit© (made by ^ 

mixing 2 c.c. of bromine with 23 c.c. of 
a 40 p©r»c©nt. solution of caustic soda) 
into the bottle. Measure 5 c.c. of urine 
into a small tube, and lower it care* 
fully, so that no urine spills, into the 
bottle. Close the bottle securely with 
a stopper perforated by a glass tube : 
this glass tube^ is connected to the 
measuring tube by indiarubber tubing ^ 

and a T-piece. The third limb of the I 

T-piece is closed by a piece of india- 
rubber tubing and a pinch coek, seen 
at the top of the figure. Open the j 

pinch«cock and lower the measuring j 

tube until it touches th© bottom | 

of th© tall cylinder. Not© the level ! 

of th© water in the burette. Close 
th© pinch-cock, and raise the measur* ' 

ing tub© to ascertain whether ^ 
apparatus is air-tight. Then lower it 
again. Tilt the bottle so as to upset 
the urine, and shake weE for a minute 
or so. During this time there is an 
evolution of gas. Then immerse the 
bottle in a large beaker containing 
water of the same temperature as that 
hi th© cylinder. After two or three 
minutes raise the measuring tube until 
fi 6. 85.—urea appamfciM. th© suxfaces of the Water inside and 

outside it are at the same level, the 
gas being thus under atmospheric presEure. Bead th© level of the 
meniscus as before; the difference in the two readings giv« the 
volume of gas evolved. This gas is nitrogen. The carbonic acid 
resulting from the decomposition of urea has been absorbed by the 
excess of soda in the bottle. 354 c.c. of nitrogen are yielded by 

/ Th© efficiency of the apparatus ig increased by having a glasi balh blown on 
this tub© to prevent froth passing into the rest of the apmratm This i« not 
shown in the figuro. 
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i gramme of urea. From tMs tlie quantity of urea in the 5 c.c. of 
urine and the percentage of urea can be calculated. If the total 
urea passed in the twenty-four hours is to be ascertained, the 
twenty-four hours’ urine must be carefully measured and thoroughly 
mixed. A sample is then taken from the total for analysis; and 
then, by a simple sum in proportion, the total amount of urea 
is ascertained. More accuiate methods for estimating urea are 
described in Lesson XXII. 

7. CEEATININE.—(a) WeyVs Test ,—Add a little sodium nitro- 
prusside and caustic soda to the urine. A red colour develops, which 
changes in a short time to yellow. If glacial acetic acid is added to 
the yellow solution, it becomes green on boiling, and a sediment of 
Prussian blue forms on standing. (Acetone gives a similar colour 
reaction, but the colour changes to purple on acidifying.) 

(b) Jaffa's Test,—-A.M picric acid and a few drops of strong potash; 
a deep red colour results. This method may be employed quantitatively 
(see Lesson XXIII). If the urine contains sugar, the fluid becomes so 
iaxk as to be opaque. 
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The kidney is a compound tubular gland, the tuljule.s which 
differ much in the charader of the epithelium that lin(\s thcan in 
various parts of their ('ourse. 'Fhe obviously secTt'ling ]>art of thi* 
kidney is the glandular epithelium that lines the* conv()Iut<‘d p()rtion 
of the tubules; there is in addition to this what is usually UTincd 
the filtering apparatus : tufts of capillary f)loo(bvcss(‘ls <‘all(‘d the* 
Malpighian glomeruli are suj){)lied with affcn'nt vcss(‘ls from tin* renal 
artery ; the efferent vessels that leave* th(‘se luivt* a smailc*r calibre*, and 
thus there is high pressure in the Mal[)ighian (‘apillaries. (’ertain con¬ 
stituents of the blood, especially water and salts, pass through the 
thin walls of these vessels into the surrounding Bowman's <*apsul(*, 
which forms the commencenKmt of (‘a<‘h renal tubule. Bowman’s 
capsule is lined by a fattened epithelium, which is refh'cled ovc*r the 
capillary tuft. 'Fhough the process which (H*curs here is generally 
spoken of as a. filtration, some [ihysiologists (’rmtest thet c’orrcMlne.s.s of 
this view. During the passage of this cliluti* urim* througli tht! rest 
of the renal tubule it gains the constituents, un‘a, urates, whicdi 
are poured into it by the secreting cells of the convolutc‘d tufniles, 

GENEBAL CHABACTEBB OF HEINE 

Quantity.—"A man of average weight and h(‘ight passes from 1401) 
to 1600 C.C., or about 50 oz., daily. 'Fhis eoniains about 60 grammes 
(1| oz.) of solids. The urine should Ik* c*olle(*ted in a tall graduat«;d 
glass vessel capable of holding 3000 ('.c., wdiich should have a smootli - 
edged neck accurately ('overed by a ground-glass plate to c?x<'Iucie dust 
and avoid evaporation. A few' drop.s of (*hIoroform should be added as 
an antiseptic. From the total (|uantity thus c-ollectC'd in the twenty- 
four hours, samples should be drawn off for <‘xaminatifm. 

Colour.--This is some .shade* of yellow which varies cfaisiderably in 
health with the concentration of the urine. It appears to be diuj to a 
mixture of pigments : of these urobilin is the one? of which we have the 
most accurate knowledge. Urobilin has a reddish tint and is ultimately 
derived from the blood pigment, and, like bile pigment, is an irornfree 
derivative of haemoglobin containing the pyrrole ring, d’he bile pig¬ 
ment (and possibly also the luematin of the food) is in the intestines 
converted into stercobilin ; most of the stercol>ilin leaves the body' 
with the faeces ; but some is reabsori)ed and is exeteded witln the urine 
as urobilin. Urobilin is very like the artificial reduction product of 
bilirubin called hydrol)ilirubin (see p. 124). Normal urine, however, 
(xmtains very little urobilin. The actual body present is a cdirornogen 
or mother substance called urobilinogen, whic'h by oxidation (HiK‘h as 
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<K‘('ur.s when th(‘ urine; stands exposed to light and air) is converted 
into the pigment proper. In certain diseased conditions the amount 
of urobilin is ronsklcral)Iy in(!reased. 

'The most abundant urinary pigment is a yellow one called uro- 
chrome. Some regard it as a derivative of urobilin, but it probably is 
not related to that substance (see Ivcsson XXV). 

Eeaction. The rcau’tion of normal urine is acid to litmus. This 
acidity is mainly due to acid salts, especially a(;id sodium phosphate. 
In certain circumstances the urine becomes less acid and even alkaline ; 
the* most important of these are as follows : - 

1. During digestion. Hctc there is a formation of free a(;id in the 
stomach, and a <'orr{‘sponding liberation of bases in the blood which 
passing into the urint; diminish its acidity, or even render it alkaline. 
This is ('ailed the alkaline tide ; the; of)posite condition, the acid tide, 
occurs aft(T a fast for instan<;e, before brcxikfast. Leathes states that 
n*spiration is a more* important factor than gastric secretion in producing 
the cliange of readion ; during sleep respiration is (comparatively in- 
a('tive, hence COg arcairnulates, and the incTease in M-ion concentration 
is refledecl in the urine;. With the activity associated with daytime, 
this effect [)asses off. 

2. In h(‘rbivorous anirnals and vegetarians. The food here contains 
exc(;ss of alkaline salts of a('ids siu;h as tartaric, citric, malic, etc. 
These acids arc oxidised into c'arbonates, whi(;h passing into the urine 
give it an alkaline reaction (s(‘e furth(;r on Reaction, Appendix, p. 315). 

Specific G-ravity. lliis should be taken in a sample of the twenty- 
four hours’ urine* with a good urinomet(;r. The s[)t‘cifie gravity varies 
inversely as lh(* (juantity of urine pass{;d under normal conditions from 
U)15 to 1025. A spc*cifi(* gravity below 1010 should (;x('itc suspicion of 
hydruria ; one over 1030 of a fel)ril(‘ condition, or of dlabcttes, a disease 
in whi('h it may rise* to iOoO. I’he sp(‘(*ifie gravity has, how(.;vt;r, b(‘en 
known to sink as low as 1(K)2 (after large* potations, nrina potus)^ or 
to rise as high as 1035 (after great sweating) in pcrffctly healthy 
persons. 

Composition din* following table giv(‘s the average amounts of 
the; urinary ('onstituents passed by a man (taking an ordinary di(‘t 
('ontaining about HK) grammes of protein) in the* twenty-four hours : 


I'otal (juantity of urine 


. Inoo-IK) grammes 

Wat(*r 

. 


. I'l'IO-OO „ 

d'otal solids 



()()■()() 

V rea 

. . 



Uric* acid 



()-7r. 

Hippyrir acid . 


. 

1 -or. 
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Creatinine 
Sodium chloride 
Sulphuric acid . 
Phosphoric acid 
Chlorine . 
Ammonia 
Potassium 
Sodium 
Calcium . 
Magnesium 


0*91 grammes 

H>*5 

2*01 

11*00 
O'Of) ,, 

2*50 

5*50 

0*25 

0*21 


The most abundant ('onstituenls of lh{‘ urine an* water, urea, aiu! 
sodium chloride. In the foregoing table the studcmt must iml h<* 
misled by seeing the names of the* acids and nu*lals separated. 'Flic 
acids and the bases are combined to form salts : urates, eddorides, etc*. 


UBEA 

The time-honoured structural formula of un^a as c*arbaniide 
^ must be replaced, according to the work of Werner, 
/NH, _ 

by the cyclic formula H*N:C^ | , i,t\ iso-carbamide. This formula 

^ 0 

offers a satisfactory explanation for thi* behaviour of urea during 
hydrolysis by acids, etc. It has the same empirical, hut not the same 
structural formula, as ammonium cyanatc, (NH 4 )C'KO, from which 
it was first prepared synthetically by Wcdiler in 1828. 

When separated from the urine, it is found to !)e cTystallinc and 
readily soluble in water, alcohol, and acetone : it has a saltish taste, 
and is neutral to litmus paper. Pure urea melts at L12” C. 

When treated with nitric acid, nitrate of urea (CONgH^JiMOg) 
is formed ; this crystallises in lozenge-shaped ta!)lets, or hcfxngons 
(fig. 36, a). When treated with oxalic acid, prismatic crystals of urea 
oxalate, (CON 2 H 4 )g.H 2 C 2 () 4 , are formed (fig. 36, if). 

These crystals may be readily obtained in an impure form by 
adding excess of the respective acids to urine which has beam crmccm- 
trated to a third or a quarter of its bulk. 

Under the influence of an enzyme secTcted by certain micro¬ 
organisms, such as the Micrococcus urcfc^ which grows readily in stale 
urine, urea takes up water, and is rrinverted into ammonium carbonate 
[C0N2H4 + 2H20 = (NH 4 ) 2 C 03 l. Hence the ammonkcal odour of 
putrid urine. 
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Many leguminous seeds, especially the soy-bean, contain an enzyme 
(ureas{‘) whidi (’onverts urea into ammonia and carbon dioxide j this 
may be used for estimating urea (sec Lesson XXII). 

By means of nitrous acid, urea is broken up into carbonic acid, water, 
and nitrogen. This may be used as a test for urea. Add fuming nitric 
acid (/.e. nitric' acid containing nitrous acid in solution) to a solution of 
iir(‘a, or to urine ; an abundant evolution cjf gas bubbles takes place. 

'Fhe main reac'tion whic'h takes place between sodium hypo- 
hromite and urea may Ix! rciprtisented thus : - - 

3NaBrO C - CO^ 3NaBr d -p 

Iwnliun* [ureal |t;arh«ni<* ptMlium jwnterl (iiitrci- 

hypobromitej at-iflj hromicifl genj 

Side reactions of a complex nature also cjccur, and under the usual 



experimental conditions a certain amount (0*7 per c'ent.) of carbon 
monoxide is mixcxl with the nitrogen. 

This reaction is important, for on it one of the readiest methods 
for estimating urea depends. If the experiment is performed as 
directed on p. 180, nitrogen is the only gas that comes off, the carbonic 
acid iM'ing af)sorl)cd by excess of soda. The amount of nitrogen is a 
measun* of the amount of urea. 

The quantity of urea excreted is somewhat variable, the chief cause 
of variation f)eing the amount of protein food ingested. In a man 
taking the usual Voit diet containing about 100 grammes of protein 
(which will ('ontain alamt 16 grammes of nitrogen) the quantity of 
urea excreted daily averages grammes (5(KJ grains). The pc;rc!C‘ntag(i 
in human urine would then !>e 2 per cent. ; l>ut this also varicjs, hec^ause 
the concentration of the urine varies considerably in hc‘alth. The; 
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excretion of urea is usually at a maximum thn^e hours after a meal, 
especially after a meal rich in protein. 

Muscular exercise has but little effect on thi? amount of nitrogen 
discharged. This is strikingly different from what occurs in the c'ase 
of carbonic acid ; the more the musc'les work, th(‘ more carbonic ucad 
do they send into venous blood, whic'h is rapidly discharg(‘d by thc^ 
expired air. Muscular energy is derived normally from the? (*ombuslion 
of non-nitrogenous material; this is very largely c*arbohydratct. If 
the muscles, however, are not supplied with the proper amount of 
carbohydrate and fat, or if the work clone is very excc‘ssive, thcai they 
consume some of their more precious protein material. 

Where is XJrea Formed?..-The edder authors c'onsidcTcal that it 

was formed in the kidneys, just as they also erroneously thought that 
carbonic acid was formed in the lungs. Pre^vost and Dumas were the 
■first to show that after complete extirpation of the kidney the forma¬ 
tion of urea and other waste products goes on, and tht‘se accumulate 
in the blood and tissues. Similarly, in those (*ases of disease in 
which the kidneys cease work, urea is still ff)rmed and ac’ciimulates. 
This condition is called urmmia (or urea in the blood), and unless the 
waste substances are discharged from theT) 0 (iy the patient dies. 

Urmmia .—term was originally applied on the erroneous 
supposition that it is urea or some antecedent of urt*a which acts as 
the poison. There is no doubt that the poison is not any cmnstiluent 
of normal urine ; if the kidneys of an animal are extirpated the animal 
dies in a few days, but there are no urtemic convulsions. In man also, 
if the kidneys are healthy or approximately so, and suppression of urine 
occurs from the simultaneous blocking of both renal arteries by clot, or 
of both ureters by stones, again uraemia does not follow. On the other 
hand, uraemia may occur even while a f)atient with diseased kidneys is 
passing a considerable amount of urine?. What the poison is that is 
responsible for the convulsions and coma is unknown. It in doubtless 
some abnormal katabolic product, but whether this is produced by the 
diseased kidney cells, or in some other part of the body, m also unknown. 

Where, then, is the seat of urea formation ? The faedn of experi¬ 
ment and of pathology point very strongly in support of the* theory that 
urea is formed in the liver. The principal are the following : 

1. After removal of the liver in such animals as frogs, urea formation 
almost ceases, and ammonia is found in the urine instead. 

2. In mammals, the extirpation of the liver is such a serious 
operation that the animals die. But the liver of mammals can be very 
largely thrown out of gear by the operation known as Dek’s fistula, 
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whic'h (‘onsistH in rnnneding tlu* portal vein directly to the inferior 
vena cava. In the.se circinnstances the liver receives blood only by 
the hepatic artery. The amount of urea is lessened, and its place is 
taken by ammonia. 

3. When degenerative changes oc'cair in the liver, as in cirrhosis of 
that organ, the urea formed is much lessened, and its place is taken 
by ammonia. In acuieyeikm) atrophy^ urea is almost absent from the 
urine, and, again, there is considerable increase in the ammonia. Tn 
this diseases amino-acads such as leuc'ine and tyrosine are also found in 
the urine ; these arise from the disintegration of the proteins of the 
liver cells, but they may in part originate in the intestine, and, escaping 
further decomposition in the degenerated liver, pass as such into the 
urine. 

We have to consider next the intermediate stages between protein 
and urea. In order that the student may grasp the meaning of urea 
formation it would be advisable for him to turn again to p. 71 and read 
the paragraph there relating to Chittenden's views of diet, and to pp. 128 
and 131, which treat of protein absorption, for the question, What is a 
normal diet ? is intimately bound up with the (luestion, What is a 
normal urine ? If, for instance, the diet of the future is to contain 
only half as much protein as in the past, the urine of the future will 
- naturally show a nitrogenous output of half of that which has hitherto 
been regarded as normal. In people on such a reduced diet, Folin has 
shown that the decrease in urinary nitrogen falls mainly on the urea, 
hut certain other nitrogenous katabolites, particularly one called 
(Te*atinine, remain remarkably constant in absolute amount in spite of 
the great reduction in the protein ingested. 

The laws governing the (Composition of urine are obviously the 
e‘ffcct of the laws that govern protein katabolisrn. Many years ago 
Voit supposed that the protein ingested was utiliscxl partly in tissue 
formation, and partly remained in the (circulating fluids as circulating 
protein " ; he. further (!onsidered that the breakdown of the protein in 
the tissue.s was a(‘(!omplished with much greater difficulty than that in 
blo(Kl and lymph, and that the small amount of ‘‘ tissue protein " whic*h 
disintegrates as the result of the wear and tear of the, tissues was 
dissolved and added to the “ circulating protein," in whkch alone the 
formation of final kataliolic products such as urea was supposed to 
occur. As time went on, it was shown that many facts were incom¬ 
patible with this theory, and so it was largely displaced by Pfluger’s 
view, in which it was held that the food protein must first be assimilated, 
and become part and par(*el of living cells liefore kataliolisrn occurs. 
We now know that neither of these views is (corn^ct, hut that nitro- 



188 


essp:ntxals of CTIKMK'AT. physioloc^y 


genous katabolism is of two kinds : one kind varies with the food ; 
it is therefore variable in amount, and occurs almost immediately or 
within a few hours after the food is absorbed ; the amino-ac'ids aI)sorbed 
from the intestine arc in great measure never built into living proto¬ 
plasm at all, and are simply taken to the liver, whcTt* they an^ 
deaminised, and their nitrogenous part c'onvertc^d into urea. 'Fhis 
variety of katabolism is called exogenous, The other kind of metaI)olism 
is constant in quantity and smaller in amount, and is due to the actual 
breakdown of protein matter in the Ixxly (X‘lLs and tissues, whic*h laid 
been built into them previously. I'his form of nictubolism is c*allcai 
endogenous or tissue katabolism, and tht^ final proclud is in part urea, 
but the waste nitrogen finds its way out of the body in other substances 
also, of which creatinine appears to be important. This form of 
metabolism sets a limit to the lowest level of nitrogenous rec|uirement 
attainable; the protein sufficient to maintain it is inclispensable. 
Whether the amount of protein which is exogctnously metabolised can 
be entirely dispensed with is at present (luestionable, and those who 
seek to replace it entirely by non-nitrogenous fcK)d arc living dangerously 
near the margin. A point of considerable importance in this connection 
is, that the nitrogen of the protein is split off from it l^y hydrolysis 
without oxidation. There is thus very little loss of potential energy, 
the energy of the products being nearly equal to that of the original 
protein; it is, however, the non-nitrogenous residue which is mainly 
available for oxidation, and thus for calorific processes, Thci fact that 
muscular work does not normally increase nitrogenous metaiKdism 
becomes intelligible in the light of the consideration that protein 
katabolism, in so far as its nitrogen is concerned, is independent 
of the oxidations which give rise to heat, or to the cmergy whic*h h 
converted into work. 1’he body is very economical in so far m 
protein is concerned, and tissue or endogenous katabolism is kept 
at a low level. 

What is the proportion between exogenous and endogenous nitrogen 
katabolism ? It is very difficult to give any exact estimate. We do 
know that in ordinary diets the former is far in excess, and probably 
in a man excreting 16 grammes of nitrogen daily (that is, the amount 
corresponding to an intake of 1(X) grammes of protein), only a quarter 
of this or even less represents tissue breakdown. 

The view we have advanced concerning urea formation, then, is 
that it is mainly the result of the conversion, by the liver, of amino- 
acids absorbed from the intestine into that .substance. This view 
receives confirmation from experiments in which certain amino-acids, 
such as glycine, leucine, and arginine, have been injected direct into 
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the blood •str(‘ain. The* result is an increased formation of urea. In 
the case of arginine the exact ('hemical decomposition which takes place 
is known. Wc‘ have already seen that arginine is a (compound of a urea 
radical and a substance* (‘ailed ornithine (diamino-valeric acid, see 
{). 48); the liver is al)le to hydrolyse arginine, and so urea is liberated. 
'I'his power is due to the adion of a special enzyme called arginase, 
whicth, although it is also found in other organs, is specially abundant 
in the liver. In addition to this the ornithine itself is further broken 
up, and so an extra ciuantity of urea is formed. On the other hand, 
there are some amino-acids {e,g, tyrosine) which on injedion do not lead 
to any in<‘rease in urea formation. 

If, however, we glance at the formula of ornithine, we see that it 
has one point in common with other amino-acids, siudi as glycine and 
leucine, to take simple examples: 

Ornithine C5H12N2O2 
Glycine C2H5NO2 
Leucine C0H12NO2 

That is, in all cases the c’arbon atoms arc more numerous than the 
nitrogen atoms. In urea, C'ON 2 H 4 , the reverse is the case. The 
amino-acids must therefore be split into simpler compounds, which 
unite with one another to hirm urea. Urea formation is thus in part 
synthetic. These simpler compounds are ammonium salts. Schnkler’s 
work proved that ammonium carbonate is one of the urea precursors, 
if not the princij>al one. 'Fhe ecfuation which represents the reaction 
is as follows : 

(NH4)2C0,-CC)N2H4 + 2H/) 

«;aj hoiiatr) 

Schroder’s principal (;xjK,*riment was this ; a mixture of defibrinated 
IjIockI and ammonium carl>oiiate was injected into the liver by the 
portal vein ; the f>loocl leaving the liver by the hepatic vein was 
hamd to c*ontain urea in abundance*. I’his does not occur when the 
.same experimc*nt is performed with any other organ of the body, so 
that Sc’hrbder’.s experiments also prove the great imf)ortancx^ of the 
liver in urea formation. Similar results were obtained by Nencki with 
ammonium carbamate. 

We must further rc*membctr that ammonia itself is one of the pro- 
duct.s of digestion of protein in the intestine, and it may possibly, to a 
small extent, be a result of tissue katabolism. I'his ammonia passes 
into the bIrxKl, where it unites with (‘arbonie acid to form either the 
carbamate or carbonate of ammonium. Thus ammonia, whether 
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formed directly or by the breakdown of amino-at'ids, is tfic^ principal 
immediate precursor of urea. 

The following structural formuhc show tlH‘ n'lationship b(‘tw**(*n 
ammonium carbonate, ammonium carbamat(‘, and urea : ■ 


0 


■T).NH4 


(ammonium carbonate' 


■NFL> 

O.NH, 


I ammoni u ni oa rl >a»uatt* 


() 


( 


N'H.> 

^NfL 


hiH*al 


The loss of one mole('ule of water from ammonium carlK»nate pro™ 
duces ammonium carbamate ; the loss of a second rnoletaile of wati‘r 
produces urea. But this view, thmigh simple, will have to Int modified 
if Werner’s conception of the striulure of urea is accepted (sit p. 1H4). 


AMMONIA 

The urine of man and c'arnivora <’ontains small ({uantities of 
ammonium salts. I'he reason that some ammonia always slips tlirniigh 
into the urine is that a part of the ammonia-containing l)lood passers 
through the kidney before reac'hing organs, siu'h as the livtT, whic’li an* 
('apable of synthesising urea. In man the daily amount of ammonia, 
excreted varies between 0-3 and 1-2 grammes: the average is b-7 
gramme. 'I'he ingestion of ammonium earlionate does not increase tlie 
amount of ammonia in the urine, Init increases tlie ariKiunt of un*a, into 
which substance the ammonium carbonate is easily c*onvt*rted. But if 
a more stable salt, such as ammonium chloride, is given, it appears as 
such in the urine. 

In normal circumstances the amount of ammonia depends cm thc! 
adjustment between the production of acid sul)stan<*es in metabolism 
and the supply of bases in the food. Ammonia formation is the 
l)hysiological remedy for deficiency of bases. 

When the production of acids is excessive (as in dialietes, or when 
mineral acids are given by the mouth or injected into the likKid-stream), 
the result is an increase of the physiologi(*al remedy, and cxctsh of 
the ammonia passes over into the urine. Under normal c*on<Iifbns 
ammonia is kept at a minimum, being finally converted into the less 
toxic substance urea, which the kidneys easily excrete. The ciefencre 
of the organism against acids which are very toxic is an iiKTeasc; of 
ammonia formation, or, to put it more correctly, less of the ammonia 
formed is converted into urea. 

Under the opposite conditions.mamely, excess of alkali, either in 

food or given as such-.the ammonia disappears from the urine, all 

being converted into urea. Hence the diminution of ammonia in the 
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urine of man on a vegetable diet, and its absence in the urine of 
herbivorous animals. 

Not only is this the case, but if ammonium chloride is given to a 
herbivorous animal like a rabbit, the urinary ammonia is but little 
increased. It reacts with sodium carbonate in the tissues, forming 
ammonium carbonate (which is excreted as urea) and sodium chloride. 
Herbivora also suffer much more from, and are more easily killed by, 
acids than carnivora, their organisation not permitting a ready supply 
of ammonia to neutralise excess of acids. 


CREATINE AND CREATININE 

Creatine is an abundant constituent of muscle; its chemical 
structure is very like that of arginine ; it contains a urea radical, 
and by boiling it with baryta it splits into urea and sarcosine (methyl- 
glycine), as shown in the following equation :— 


C4H9N3O2 + HgO = CON2H4 -f CaH^NOg 

[creatincj [water] [ureaj [sarcosine 1 


The same decomposition is shown graphically on p. 48. 

Creatine is absent from normal urine, but it is present in the urine 
of infants ; also during starvation, in acute fevers, in women during 
involution of the uterus, and in certain other conditions in which 
there is rapid loss of muscular material. 

Its normal fate in the body is unknown ; it may be converted into 
urea as in the foregoing equation, but injection of creatine into the 
blood-stream does not cause any increase in urea formation; the 
creatine injected is almost wholly excreted unchanged. 

It also is not converted into creatinine, although it ha's been 
generally assumed that this conversion does occur. The transforma¬ 
tion of creatine into creatinine is shown in the following equation :— * 


C4H9N3O2 - HgO = C4H7N3O 

[creatine] [water] [creatinine] 


Recent researches have entirely failed to substantiate the view that 
the urinary creatinine originates from the muscular creatine. If 
creatine (an innocuous neutral substance) were converted by the loss 
of water in the muscles into creatinine (a strongly basic substance), 
it would be contrary to all that is known of the chemical changes which 
occur in the body. 
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Creatinine is present in the urine. Amongst all the inconstances 
of urinary composition, it appears to be the substance most constant 
in amount, diet and exercise having no effect on it. Folin’s view, that 
its amount is a criterion of the extent of endogenous nitrogenous 
metabolism, has steadily gained ground, and the work of the past 
few years has shown that the liver and not the muscles is the seat 
of its formation. Some observers have supposed that certain tissue 
enzymes, termed creatase and creatinase, are agents in its formation 
and destruction ; others have failed to discover the presence of these 
enzymes in the liver. On this and on other points there are differ¬ 
ences of opinion, but without discussing the pros and cons of minor 
details, the following view of J. Mellanby may be taken as a working 
hypothesis of the metabolic history of the substances in question. 
Mellanby took as his starting point the investigation of the contra¬ 
dictory data relating to the proportion of creatine and creatinine in 
muscle, and by improved methods showed that creatinine is never 
present in muscle at all, even after prolonged muscular work. He then 
studied in the developing bird the amount of creatine at different stages, 
and found that it is entirely absent in the chick’s musculature up to 
the twelfth day of incubation ; after this date the liver and the muscular 
creatine develop pari passu. After hatching, the liver still continues 
to grow rapidly, and the creatine percentage in the muscles increases 
also, although the development in the size of the muscles occurs very 
slowly. This and other experiments on the injection of creatine and 
creatinine into the blood-stream finally led Mellanby to the following 
hypothesis: Certain products of protein katabolism, the nature 
of which is uncertain, are carried by the blood to the liver, and 
from these the liver forms creatinine; this is transported to the 
muscles and there stored as creatine; when the muscles are 
saturated with creatine, excess of creatinine is then excreted by 
the kidneys. The small amount of creatinine excreted in diseases of 
the liver also supports the view that this organ is responsible for 
creatinine formation. 

These views have been and will be subjected to the usual tests of 
criticism and renewed research ; they certainly appear to explain some 
of our previous difficulties, though the ultimate fate of the muscular 
creatine is still unsolved. 

THE INOBGANIC C(ifeTITUENTS OF UBINE 

The inorganic or mineral constituents of urine are chiefly chlorides, 
phosphates, sulphates, and carbonates ; the metals with which these 
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are in combination arc sodium, potassium, ammonium, calcium, and 
magnesium. The total amount of these salts excreted varies from 19 
to 25 grammes daily, llie most abundant is sodium chloride, which 
averages in amount 10 to 16 grammes per diem. These substances 
arc derived from two sources—first from the food, and secondly as the 
result of metabolic processes. The chlorides and most of the phos¬ 
phates come from the food ; the sulphates and some of the phosphates 
are the result of metabolism. The sulphates are derived from the 
changes that occur in the proteins; the nitrogen of proteins leaves the 
body chiefly as urea ; the sulphur of the proteins is oxidised to form 
sulphuric acid, which passes into the urine in the form of sulphates. 
The excretion of sulphates, moreover, runs parallel to that of urea. 
Sulphates, like urea, are the result of exogenous protein metabolism ; 
endogenous metabolism, so far as sulphur is concerned, is represented 
in the urine chiefly by less fully oxidised compounds of sulphur. The 
chief tests for the various salts have been given in the practical 
exercises at the head of this lesson. 

OMorides.—The chief chloride is that of sodium. The ingestion of 
sodium chloride is followed by its appearance in the urine, some on the 
same day, some on the next day. Some is decomposed to form the 
hydrochloric acid of the gastric juice. The salt, in passing through 
the body, fulfils the useful office of stimulating metabolism and 
excretion. 

Sulphates.—The sulphates in the urine are principally those of 
potassium and sodium. They are derived from the metabolism 
of proteins in the body. Only the smallest trace enters the 
body with the food. Sulphates have an unpleasant bitter taste 
(for instance, Epsom salts) ; hence we do not take food that 
contains them. The sulphates vary in amount from T5 to 3 grammes 
daily. 

In addition to these sulphates there is a small quantity of sulphuric 
acid, comprising about one-tenth of the total, which is combined with 
organic radicals ; the compounds are known as ethereal sulphates, 
and they originate mainly from putrefactive processes occurring in the 
intestine. The most important of these ethereal sulphates are phenyl 
sulphate of potassium and indoxyl sulphate of potassium. The latter 
originates from the indole formed in the intestine, and as it yields 
indigo when treated with certain reagff^ it is sometimes called indican. 
It is very important to remember that the indican of urine is not the 
same thing as the indican of plants. Both yield indigo, but there the 
resemblance ceases. 
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The equation representing the formation oi potassium phenyl- 
sulphate is as follows ;— 

CeHpH-sSO/^^-SOo I H,0 

fphenoll (potassium (potassium jwatml 

hydrogen sulphate( idicuyl-sulphatel 

The formation of potassium indoxyhsulphatc* may he rt*pn\sf‘nted 

CH 

as follows:— Indole, (' 0 H 4 ^ on absorption is etinverted 

NH 

coil 

into indoxyl : '>CH. 

NH 

Indoxyl then interaHs with polassiuiu hydrogtai Milphate as 
follows : ^ 

C«H,NO-kSO, -so 1 H,(» 

[indoxyll fpolassiuin ^ (pnlaMium l«.atcf| 

hydrogen sulphate 1 itidoxyh.suIphiUe) 

The formation of such sulphates is important; the artaiuifir huti- 
stances liberated by putrefactive processes in the intestine arc* poisonoiis, 
but their conversion into ethereal sulphates^ renders them innocuous, 
(For tests for indoxyl in urine sec Advanced Course, Lesson XXV.) 

Carbonates.- ““Carbonates and bicarl>onates of sodium, ciilcduni, 
magnesium, and ammonium are present in alkaline urine only. They 
arise from the carbonates of the food, or from vegetable acids (malic*, 
tartaric, etc.) in the food. They are, theredbre, found in the urine of 
herbivora and vegetarians, whose urine i.s thus rcmckjred alkaline. 
Urine containing carbonates becomes, like saliva, cloudy on .standing, 
the precipitate consisting of calcium carbonate, and also |>hosphales. 

Phosphates.-”- Two classes of phosphates ocrur in norinar urine : 

1. Alkaline phosphates. that is, phosphates of sodium (abundant) 

and potassium (scanty). 

2 . Eiarthy phosphates, that is, phosphates of caiedutn (abundfint) 
and magnesium (scanty). 

The composition of the plt(^’;^duites in urine i.s liable to variation. 
In acid urine the acidity is the acid salts, 'fhese are chiefly 

sodium dihydrogen phosphate, NaH 2 F 045 and calcium dihydrogen 
phosphate, 

In neutral urine, in addition, disodium hydrogen phosphate 









THE INORGANIC CONSTITUENTS OF URINE 


195 


(NagHPO^), calcium hydrogen phosphate, CaHP 04 , and magnesium 
hydrogen phosphate, MgHP 04 , found. » In alkaline urine there may 
be instead of, or in addition to the above, the normal phosphates of 
sodium, calcium, and magnesium [Na 3 P 04 , Ca 3 (P 04 ) 2 , Mg 3 (P 04 ) 2 ]. 

The earthy phosphates are precipitated by rendering the urine 
alkaline by ammonia. In urine undergoing putrefaction, ammonia is 
formed from the urea : this also precipitates the earthy phosphates. 
The phosphates most frequently found in the white creamy precipitate 
which occurs in decomposing urine are— 

(1) Triple phosphate or ammonium - magnesium phosphate 
(NH 4 MgP 04 + 6H20). This crystallises in “ coffin-lid ” crystals (see 
fig. 37) or feathery stars. 



Fig. 37.—Ammonium-magneiium 
or triple phosphate. 

(2) Stellar phosphate, or calcium phosphate, which crystallises in 
star-like clusters of prisms. 

As a rule, normal urine gives no precipitate when it is boiled ; but 
sometimes neutral, alkaline, and occasionally faintly acid urine give 
a precipitate of calcium phosphate when boiled; this precipitate is 
amorphous, and is liable to be mistaken for albumin. It may be 
distinguished readily from albumin, as it is soluble in a few drops of 
acetic acid, whereas coagulated protein does not dissolve. 

The phosphoric acid in the urine chiefly originates from the 
phosphates of the food, but is partly a decomposition or katabolic 
product of the phosphorised organic materials in the body, such 
as lecithin and nuclein. The amount of PgOg in the twenty-four 
hours' urine varies from 2*5 to 3*5 grammes, of which the earthy 
phosphates contain about half (1 to 1*5 gramme). 
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TJBINK (continued) 

1. UREA NITRATE.—Evaporate some urine in a dish to a 
quarter of its bulk. Pour the concentrated urine into a watch-glass; 
let it cool, and add a few drops of strong, but not fuming, nitric acid. 
Crystals of urea nitrate separate out. Examine these microscopically. 

2. UREA OXALATE. — Concentrate the urine as in the last 
exercise, and add oxalic acid. Crystals of urea oxalate separate out. 
Examine these microscopically. 

3. URIC ACID.—Examine microscopically the crystals of uric acid 
in some urine, to which 5 per cent, of hydrochloric acid has heen added 
twenty-four hours previously. Note that they are deeply tinged with 
pigment, and to the naked eye look like granules of cayenne pepper. 

When microscopically examined, the crystals are seen to be large 
bundles, principally in the shape of barrels, with spicules projecting 
from the ends, and whetstones. If oxalic acid is used instead of 
hydrochloric acid in this experiment, the crystals are smaller, and 
more closely resemble those observed in pathological urine in cases 
of uric acid gravel (see fig. 38). 

Dissolve the crystals in caustic potash and then carefully add 
excess of hydrochloric acid. Small crystals of uric acid again f om. 

Murexide Place a little uric acid, or a urate (for instance, 

serpent’s urine), in a dish; add a little dilute nitric acid and evaporate 
to dryness on a water-bath. A yellowish-red residue is left. Add a 
little ammonia carefully. The residue turns to violet. This is due to the 
formation of murexide or purpurate of ammonia. On the addition of 
potash the colour becomes bluer. 

Schifs y^s/J.—Dissolve some uric acid in sodium carbonate solu¬ 
tion. Put a drop of this on blotting paper, add a drop of silver 
nitrate, and warm gently; the black colour of reduced silver is seen 
on the paper. 

Folin's Suspend a minute quantity of uric acid in a few 

c.c. of water and add two or three drops of a saturated solution of 
sodium carbonate to dissolve it. To the clear solution add 1 or 2 c.c. 
of Folin’s phosphotungstic acid reagent (see Lesson XXIIL), and 
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enough saturated sodium carbonate solution (or a few crystals of 
sodium carbonate) to render the mixture alkaline. A blue colour 
develops. This test may be employed for the estimation of uric acid 
in urine (see Lesson XXlll.). 

Reduction of Fehling's Solution .—Dissolve some uric acid by 
boiling it with sodium carbonate solution. Add Fehling’s solution 
and boil again; a white precipitate of copper urate is formed, and 
on boiling for some time, reduction occurs with the formation of 
cuprous oxide. Eepeat the experiment with Nylander's solution, 
or with Benedict’s qualitative reagent (p. 19); no reduction occurs; 
this demonstrates the advantage of such solutions when testing 
diabetic urine for small quantities of glucose. 

4. DEPOSIT OF UEATES OE LITHATES (LATEEITIOXJS 
DEPOSIT).—The specimen of urine from the hospital contains excess 
of urates, which have become deposited on the urine becoming cool. 
They are tinged with pigment (uroerythrin), and have a pinkish 
colour, like brickdust; hence the term “ lateritious.” Examine 
microscopically. The deposit is usually amorphous—^that is, non- 
crystalline. Sometimes crystals of calcium oxalate (envelope crystals 
—octahedra) are seen also; these are colourless. 

The deposit of urates dissolves on heating the urine. 

5. DEPOSIT OF PHOSPHATES.—Another specimen of patho¬ 
logical urine contains excess of phosphates, which have formed a 
white deposit on the urine becoming alkaline. This precipitate does 
not dissolve on heating; it may be increased. It is, however, soluble 
in acetic acid. Examine microscopically for coffin-lid crystals of triple 
phosphate (ammonium-magnesium phosphate), or crystals of stellar 
(calcium) phosphate, and for mucus. Mucus is flocculent to the 
naked eye, amorphous to the microscope. 

N.B.—On boiling neutral, alkaline, or even faintly acid urine it 
may become turbid from deposition of phosphates. The solubility 
of this deposit in a few drops of acetic acid distinguishes it from 
albumin, for which it is liable to be mistaken. 

Some of the facts described in the foregoing exercises have been 
already dwelt upon in the preceding lesson. They are, however, 
conveniently grouped together here, as all involve the use of the 
microscope. 
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URIC ACID 

Uric acid (C 5 N 4 H 4 O 3 ) is in mammals the medium by which only i 
small quantity of nitrogen is excreted from the body. It is, ho^Yever 
in birds and reptiles the principal nitrogenous constituent of 
urine. It is not present in the free state, but is combined with hase, 
to form urates. 

It may be obtained from human urine by adding 5 c.c. of hydro 
chloric acid to 100 c.c. of the urine, and allowing the mixture to stan< 
for twelve to twenty-four hours. The crystals which form are deepi] 
tinged with urinary pigment, and though by repeated solution ii 
caustic soda or potash, and reprecipitation by hydrochloric acid, the; 
may be obtained free from pigment, pure uric acid is more readil; 
obtained from-the solid urine of a serpent or bird, which consist 
principally of the acid ammonium urate. This is dissolved in soda 
and then the addition of hydrochloric acid produces as before th 
crystallisation of uric acid from the solution. 

The pure acid crystallises in colourless rectangular plates or prisms 
In striking contrast to urea it is a most insoluble substance ; at 37° C 
uric acid dissolves in pure water in the proportion of 1 : 1500 
(Gudzent), and at 18° in the proportion 1 : 39500 (His and Paul). Th 
forms which uric acid assumes when precipitated from human urine’ 
either by the addition of hydrochloric acid or in certain pathologies 
processes, are very various, the most frequent being the whetston 
shape; there are also bundles of crystals resembling sheaves, barrel! 
and dumb-bells (see fig. 38). 

The murexide test which has just been described among the practice 
exercises is the principal test for uric acid. The test has received th 
name on account of the resemblance of the colour to the purple of th 
ancients, which was obtained from certain snails of the genus Jkfurex. 

Another reaction that uric acid undergoes (though it is not applicabl 
as a test) is that on treatment with certain oxidising reagents urea an 
oxalic acid can be obtained from it. It is, however, doubtful wheth^ 
a similar oxidation occurs in the normal metabolic processes < 
the body. 

Uric acid does not contain the carboxyl group (COOH) which : 
typical of organic acids, and in aqueous solution its reaction is neutra 
Nevertheless one of its hydrogen atoms is replaceable by a metall: 
radical, and it acts, therefore, in aqueous solutions as a monobasic acic 
and iorm^primary salts (also called mono-, bi-, or acid urates). In th 
presence of strong bases it . secondary salts (also called neutra 
normal, or di-urates). The secondary salts, however, only exist in tl 
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solid condition or in the presenc'e of strong alkali. By water they are^^ 
decomposed at on(‘e into primary salt and alkali; by carbonic acid they 
arc decomposed into primary salt and alkali carbonate. A third series 
of salts (cjuadri-urates or hemi-urates) were formerly assumed to exist, 
but it has been shown that these substances are merely mixtures of 
uric' acid and primary urate. 

In water, in urine, and in the blood we have only to deal with 
primary urates. It has been shown that the primary or mono-sodium 
urate (C 5 H 3 NaN 403 ) occurs in two modifications, the a and the /i forms. 
The unstable a-salt is gradually transformed in aqueous solution into 
the stable /i-salt owing to an intra-rnolecular change. It is assumed 
that the two salts corres|)ond to the two 
tautomeric modifications of uri<‘ mid (see 
p. 201), the lactam form giving rise to the 
unstable and the lactim form to the stable 
salt. The solubility of the unstable a form 
at 37® C. is about 34 per cent, greater than 
that of the ft form. These facts have a 
bearing on the pathological conditions occur¬ 
ring in gout; normally the small amount of 
urate in the blood is held in solution ; in 
gout the amount is increased, and the excess 
is probably in the unstable a form : the con¬ 
version t)f this into the stal)le ft form gives 
rise to the deposition of urates in the 
tissues whic'h occurs during the course of 
the attack. 

I’he quantity urk* acid excTcted by an adult varies from 7 to 
H) grains (0*5 to 0*75 gramme daily). I'he method used for estimating 
uric acid is based on the dis(*overy made* by Hopkins, that when the 
urine is saturated with ammonium chloride, all the uric acid is pre¬ 
cipitated in the form of ammonium urate ; the precipitate is collected 
and the uric acid in it is then determined. Details of the method 
founded on this reaction and of Folin's new colorimetric method with 
phosphotungstic acid arc given in Lesson XXIIL 

Origin of Uric Acid. Uric acid is not formed in the kidney. 
When the kidneys are removed uric* acid continues to be formed and 
accumulates in the organs, espec*ially in the liver and spleen, llic liver 
has been removed from birds, and uric add is then hardly formed at all, 
its place being taken by ammonia and lactic acid. It is therefore 
probable that in these animals ammonia and lactic actid are normally 
synthesised in the livc^r to form uric acid. 
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This synthetic origin of uric acid, which is so ini|)ortant in birds 
and snakes, does not, however, occur in niamnials. In niaminals 
uric acid is the chief end-produd of thc‘ katal)olism of cell nuchn or 
of nucleic acid, the principal constituent of the nuclei (see p. (>4). 
This therefore leads us next to study : 

Purine Substances.. Kmil Fischer showed that atnong the dc‘- 

composition products of nuclein are derivativc‘S of a. suhslanc*(* lut 
has named purine. The empirical formula; for j)urine, the purine; bases, 
and uric acid arc as follows 


Purine 

Hypoxanthine 
Xanthine . 
Adenine . 
Guanine . 
Uric acid . 


QH.N, 

Cr,H,N4.NH., 

(V.H,,N4().NH2 


Monoxy{)urin(* | 

I)ioxyf)urinc; 1 Purine* 

Amino-purine |!)asc*s, 

Amino-oxypurine j 
'FrioxypuriiK* 


There are a large number of purine derivativ(‘s, but many of them 
have at present no physiological importan(’(‘. Otheu's in inldition to 
those already enumerated are theophylline (dinK*thybxanthlnc*)» 
theobromine (also a dimethyl-xanthine), (‘affeine (trimethybxanthine) ; 
these are of interest, as they o(*(air in lea, (‘oeoa, and (’ofTee. A few 
words more may be* addend in respe<1 to ihosv in our list. 

Purine itself has' never been di.s(’ov(‘red in the body. It has the 
following structural formula : - 


II li '//--H 

N. C K 

The purine nucleus is dc‘picted in tlu* next formula, and its atoms 
have been emj)iri(‘ally numlxTcd as shown, for f*onvenicmce of 
d{‘scription : - 

I i 

-c h: ."N 

I I 

"N. h: .»N 

HypoxantMne is found in the body tissues and fluids, and in the 
urine. It may be termed 6-oxypurin(*, as the* oxygen k iittaf*hcd to 
the* atom numbered 6 in th(* purine nucleus. 
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XantMne is found with hypoxanthine in the body. It is 2, G-dioxy- 
purinc, its oxygen atoms l>eing attached to the atoms numbered 2 and 
6 in the purine nucleus. 




C-r=() 


0--NH 

il II ^ 

N C - 

1 hypoxanthine 1 




C- NH 

II 

- N' 

(xanthine 1 


;C~rd 


Adenine is found in the tissues, blood, and urine. It is 6-amino- 
])urine. 

Guanine is also a decomposition product of nucleins. Combined 
with calcium it gives the brilliancy to the scales of fishes, and is also 
found in the bright tapetum of the eyes in these animals. It is a con¬ 
stituent of guano, and here is probably derived from the fish eaten by 
marine birds. It is 2-amino-G-oxypunne. 

N C -- N HN .- C -- O 


C ■ - NH 


C - NH^ 


N C — N 

(adenine] 


N ^ C N 

(guanine I 


Uric Acid (2, 6, 8-trioxypurine) offers an example of tautomcrism 
(see p. 30). E. Fischer showed that it exists in two modifications 
according to the following formulae: • 

H.N . C : O N ... C.OH 


H.N -- C — NH 

(laetam mwlification forming 
un?itabk a-uratesi 


,lC.OH 


N _== C --- N 

(laetim modification forming 
stable /i-uraie;*] 


The close chemical relation.ship of uric acid to the purine bases is 
obvious from a study of the formulae just given. Just as in the case 
of urea, uric acid, however, may be exogenously or endogenously 
formed. Certain kinds of food increase uric acid because they contain 
nuclein (for instance, sweetbreads) in abundance, or purine bases (for 
instance, hypoxanthine in meat); the uric acid which originates in this 
way is termed exogenous. Certain diets, on the other hand, increase 
uric acid formation by leading to an increase of leucocytes, and conse¬ 
quently to an increase in the metabolism of their nuclei; in other case.s 
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the leucocytes may increase from other causes, as iii the disc'usc^ named 
leucocythx'mia. The uric acid that arises from micit*ar katafioHsm 
is termed endogenous. Although special attention has hecii dirc*cted to 
the nuclei of leucocytes because they (’an l)e readily exarnined during 
life, it must be remembered that nuck'in metabolism of all <*ells may 
contribute to uric acid formation. 

A study of uric a('id formation forms a u.sc‘ful occasion on which 
to allude to enzyme actions in nulabolism generally. Ln/yiiic’s of a 
digestive kind are not ('onfin(‘(l to th(‘ inlcTior of the alimciitary c*amil ; 
but most of the body (‘ells an; ])rovided with enzymes to assist them 
either in utilising the nutrient rnaUTials IjrouglU to them !y the* l^kjocl- 
stre^am, or in breaking them down previously to expelling them as 
waste sul)stan(‘es. The enzynu* whi(‘h enables tla* liver eell> tff turn 
gly(’ogen into sugar is the one* which has bc*(*n known longest. 'Fhe 
enzyme ('ailed arginase (sen* p. IHD), whi(*h l<*ads to th«* liydrolysis of 
arginine into urea and ornithine, is one of the nuni* recently disroviTcd. 
Other examples which may be mctntiorKsl are firc^teolytic and p(*ptolylic* 
enzymes (tissue crepsin, et(‘.) found in many (organs. 

The formation of uric* acid from rua'lein is |M*rhap.s the Iwcst inhlanc*e 
of all, for here wc have to deal with numerous enzymes ading one after 
another. These are present to an almost negligible extent in the* 
of the alimentary (*anal, and have* lH*en .stucli(*d in the t'xtnids of 
different organs ; their distributicjn varies a good deal in difTc'renl 
animals, and in the difTercaU organs of tla* same? uiiinial ; speaking 
generally, they are most abundant in liver and .spltm. 'Fhit general 
term nuclease is givtai to the* whole group, and a doz«*n or more have 
been described which deal with diff(*rent steps in the* cleavage of the 
nucleic acid complex. They are classified intc) /u/r/e/mmy wliicii resolve* 
the molecule into mononucleotides, /.c. (compounds of dirfailiydrnte, 
phosphoric acid, and one t)as(*; nucleoiidases which liberate* phosphoric 
acid, leaving the carbohydrate .still united to the base ; nutieosidasvs 
which hydrolytically cleave the; base and carbohydrate iiparl; denmin- 
ases which remove the amino-group from the purine so set frcM*; 
one of these, called adenase, converts adenine into hypoxantliin«% unci 
another, called guanase^ converts guanine Into xanthine, finally, 
oxidases step in, which convert hypoxanthine into xarithim*, itncl 
xanthine into uric acid. But even that does not bring the list to a con¬ 
clusion, for in some organs (especially the liver) there in a aipacity to 
destroy uric acid after it is formed, and so animals are protected from a 
too great accumulation of thi.s sul>.stance. What exactly happens to 
the uric acid is not c'crtain, although it is clear that the prrMltirts of its 
breakdown (probably allantoin and urea) are not so harmful as uric* add 
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itself. The enzyme responsible for uric acid destruction is called the 
uricolytic enzyme. The uric acid which ultimately escapes as urates 
(normally) in the urine is the undestroyed residue. The uricolytic 
enzyme, however, is not present to any marked extent in the human 
subject. 

HIPPURIQ ACID 

Hippuric acid (C9H9NO3), combined with bases to form hippurates, 
is present in small quantities in human urine, but in large quantities 
in that of herbivora. This is due to the food of herbivora containing 
substances belonging to the aromatic group—the benzoic acid series. 
If benzoic acid is given to a man, it unites with glycine with the 
elimination of a molecule of water, and is excreted as hippuric acid :— 



CH2NH2 

CH^NH.CO.CeHs 


C6H5COOH^- 

1 = 

1 

+ H ,0 

COOH 

COOH 


[benzoic acidj 

[glycine] 

[hippuric acid] 

[water] 


This is a well-marked instance of synthesis carried out in the animal 
body, and experimental investigation shows that it is accomplished by 
the living cells of the kidney itself; for if a mixture of glycine, benzoic 
acid, and defibrinated blood is perfused through the kidney (or mixed 
with a minced kidney just removed from the body of an animal), their 
place is found to have been taken by hippuric acid. 

It may be crystallised from horse’s urine by evaporating to a syrup 
and saturating with hydrochloric acid. The crystals are dissolved in 
boiling water, filtered, and on cooling the acid again crystallises out. 
It melts at 186 "^ C., and on further heating gives rise to the odour of 
bitter almond oil. 

URINARY DEPOSITS 

The different substances that may occur in urinary deposits are 
formed elements and chemical substances. 

The formed or histological elements may consist of blood cor¬ 
puscles, pus, mucus, epithelial cells, spermatozoa, casts of the urinary 
tubules, fungi, and entozoa. All of these, with the exception of a small 
quantity of mucus, which forms a flocculent cloud in the urine (and 
spermatozoa), are pathological, and the microscope is chiefly employed 
in their detection. 

The chemical substances are uric acid, urates, calcium oxalate, 
calcium carbonate, and phosphates. Rarer forms are leucine, tyrosine, 
xanthine and cystine. We shall, however, here only consider the 
commoner deposits, and for their identification the microscope and 
chemical tests must both be employed. 
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Deposit of Uric Acid.—This is a sandy reddish deposit resembling 
cayenne pepper. It may be recognised by its crystalline form 
(fig. 38, p. 199) and by the murexide reaction. The presence of 
•these crystals generally indicates an increased formation of uric acid, 
and if excessive, may lead to the formation of 
stones or calculi in the urinary tract. 

Deposit of Urates.—This is much commoner, 
<5 ^ and may, if the urine is concentrated, occur in 
normal urine when it cools. It is generally found 
in the concentrated urine of fevers ; and there 
appears to be a kind of fermentation, called the 
acid fermentation, which occurs in the urine after 
it has been passed, and which leads to the same 
result The chief constituent of the deposit is the 
urate. primary or mono-sodium urate. 

This deposit may be recognised as follows :— 

1. It has a pinkish colour; the pigment called uro-eryihrin is one 
of the pigments of the urine, but its relationship to the other urinary 
pigments is not known (see further, Lesson XXV). 

2. It dissolves upon warming the urine. 

Microscopically it is usually amorphous, but crystalline forms 
similar to those depicted in figs. 39 and 40 may occur. 





Fig. 40.— Mono- Fig. 41. —Envelope crystals Fig. 42. —Cystine crystals, 

ammonium urate. of calcium oxalate. 


Crystals of calcium oxalate may be mixed with this deposit (see 
fig, 41). 

Deposit of Calcium Oxalate.—This occurs in envelope crystals 
(octahedra) or dumb-bells. 

It is insoluble in ammonia and in acetic acid. It is soluble with 
difficulty in hydrochloric acid. 

Deposit of Cystine.—Cystine (C 6 H 12 N 2 S 2 O 4 ) is recognised by its 
colourless six-sided crystals (fig. 42). These ar^ rare : they occur only 
in acid urine, and they may form concretions or calculi. The constitu- 
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tion of cystine is given on p. 49 ; by reduction a substance called 
cysteine (amino-thio-propionic acid) is obtained from it. Cysteine 
yields on oxidation cysteic acid, and this splits into taurine and carbon 
dioxide. There is a good deal of evidence that the taurine of the bile 
is the source of the cystine of the urine ; this anomalous course of 
metabolism runs in families. The following formulae indicate the 
relationship of cysteine, cysteic acid, and taurine :— 


CH2.SH 

1 

CH2.SO2.OH 

1 

CHa.SOa.OH 

1 

1 

CH.NHg 

1 

1 

CH.NH2 

1 

CH2.NH2 

1 

COOH 

1 

COOH 


[cysteine] 

[cysteic acid) 

[taurine] 


Deposit of Phosphates.—These occur in alkaline urine. The 
urine may be alkaline when passed, due to fermentative changes occur¬ 



ring in the bladder. All urine, however, if exposed to the air (unless 
the air is perfectly pure, as on the top of a snow mountain), will in time 
become alkaline owing to an enzyme formed during the growth of the 
Micrococcus urece. This forms ammonium carbonate from the urea. 

CON2H4 -f 2H2O = (NH4)2COjj 

furea] [water I [ammonium 

carbonatel 

The ammonia renders the urine alkaline, and precipitates the 
earthy phosphates. The chief forms of phosphates that occur in 
urinary deposits are :— 

1 . Calcium phosphate, Ca 3 (P 04)2 : amorphous. 

2. Triple or ammonium-magnesium phosphate, MgNH 4 P 04 + 
6 H 2 O : coffin-lids and feathery stars (fig. 43). 
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3. Crystalline phosphate ofeah'iunp ('aHI*() 4 , in ro.sc*tlc‘s prisms^ 
in s[)herulcs, or in dumb-hells (hg. 44). 

4. Magnesium phosphate, Mg;j(P 04)2 { oeeurs (jrrasionally 

and crystallises in long plates. 

All these phosphates are dissolved by acids, siu'h as acetic arid, 
without effervescenc^e. 

They do not dissolve on heating the* urin<‘; in fact, tht* anaaini of 
precipitate may be increased by h(‘ating. 

A solution of ammonium (‘arbonah^ (I in b) eats magnesium phos¬ 
phate away from the edges ; it has no effect on the triple phosphate*. A 
phosphate of calcium (C'aHFO^ may o(*casionalIy in* di‘po.sited 

in a('id urine, Ihis in urine is apt to be ini.stak<‘n for phosphates, but 
can be distinguished by the micToseopt!. 

Deposit of Calcium Carbonate, (’a('C).j, appears hut rarefy as 
whitish balls or bis('uit“sha[)(‘d bodicss. It is commomT in the urine of 
herbivora (sec p. 194). It dissolves in aeeth* or hydroc'hloric acid 
with effervescence. 

I'he following is a sinnnuiry of the c’hemical sediments that may 
occur in urine : ~ 


CHEMK’AL SEDIMENTS IN URfNh: 

In Al.KAfJNK Urink 

/^kiisphaics, «<4ile!iiin phos¬ 
phate, Cf,i 3 (F() 4 ) 2 , Amorphous. 
dVipk: phosphate, 


In Acid Ukink 

Whetstone, dum 1 r- 
bcll, or sheafdike aggregations of 
crystals deeply tinged by pigment 

(fig. 38). 

[Irak’s, - Generally amor- 
phous. I'he primary urate of 
sodium (fig. 39) and of ammo¬ 
nium (fig. 40) may sometim(*s 
occur in star “-.shaped (‘lusters of 
needles or spheroidal {‘lumfxs with 
projecting spimAS. Tinged brick- 
red. Soluble on warming. 

Calcium Oxalate. -“Octaliedra, 
so-called envelope crystals (fig. 
41). Insoluble in acetic acid. 

"Hexagonal plates 
(fig. 42). Rare. 

Leucine and Tyyosine.‘*'lL*d.ti*. 

Calcium Phosphate., 

CaHP 04 + 2H20..-Rare. 


MgNH4F()4 4 fill/). ( offimlids 
or f(‘athery stars (figs. 37 and 
43).^ 

('aleium hydrogen phospliafe, 
(4 iHFO|. Rosettes, spherules, 
dumhdiellh (fig. 44). 

Magnesium phosphate, 

Mg/F( ) 4).2 -f 2142^ b I .ong p!ritf*.s. 

All soluble in acTtic* acicl with- 
(ait efferve.sc^enttN 

Cakium Carimmitt^ • 

Biscuit-.slmpec! cTystals. Solulde 
in ae(3ie a(‘id with effc^rvescencto 
Ammanium (Irate ."■ * Thorn- 
apple spherules. 

Leucine and 7yrmine.'--yexy 
rare. 
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PATHOLOGICAL URINE 

1. URINE A is pathological urine containing albumin. It gives 
the usual protein tests. The following two are most frequently 
used in clinical work. 

If the urine is cloudy, it should be filtered before applying these 
tests. 

(a) Boil the top of a long column of urine in a test-tube. If the 
urine is acid, the albumin is coagulated. If the quantity of albumin 
is small, the cloudiness produced is readily seen, as the unboiled urine 
below it is clear. This is insoluble in a few drops of acetic acid, and 
so may be distinguished from phosphates. If the urine is alkaline, it 
should be first rendered acid with a little dilute acetic acid. 

(b) Heller's Mtric-Acid Test.—Tom some of the urine gently 
on to the surface of some nitric acid in a test-tube. A ring of 



Fio, 45.—Albuminometer of Esbach, 


white precipitate occurs at the junction of the two liquids. This 
test is used for small quantities of albumin.^ 

2. ESTIMATION OP ALBUMIN BY ESBACH’S ALBUMINO¬ 
METER.—Esbach’s reagent for precipitating the albumin is made by 
dissolving 10 grammes of picric acid and 20 grammes of citric acid 
in 800 or 900 c.c. of boiling water, and then adding suf&cient 
water to make up to a litre (1000 c.c.). 

Pour the urine into the tube (fig. 45) up to the mark U; then the 
reagent up to the mark R. Olbse the tube with a cork, and to ensure 
complete mixture tilt it to and fro a dozen times without shaking. 
Allow the corked tube to stand upright twenty-four hours ; then read 
off on the scale the height of the precipitate. The figures indicate 


^ In very concentrated normal urine, a white ring of urea nitrate may form 
under these conditions; this is obviously crystalline. Uric acid rnay also 
separate out if large excess of urates is present. This can bo obviated by 
previous dilution of the urine with water. 
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grammes of dried albumin in a litre of urine. Tbe percentage is 
obtained by dividing by 10. Thus, if the sediment stands at 3, tbe 
amount of albumin is 3 grammes per litre, or 0*3 gramme in IW c.c. 
When tbe albumin is so abundant that tbe sediment is above 4, a 
more accurate result is obtained by first diluting tbe urine with 
one or two volumes of water, and then multiplying tbe resulting 
figure by 2 or 3, as the case may be. If tbe amount of albumin is 
less than 0*05 per-cent., it cannot be accurately estimated by this 
method. 

3. UEINE B is a diabetic urine: It has a high specific gravity. 
Tbe presence of sugar is shown by tbe reduction (yellow precipitate 
of cuprous oxide) that occurs on boiling with Febling's and similar 
solutions (see p. 19, also p. 197). 

4. ESTIMATION OF GLUCOSE. Tbe following four methods 
are available for tbe quantitative determination of glucose: (a) Tbe 
polarimetric method (see p. 224, also Appendix); (b) tbe fermenta¬ 
tion method; (c) tbe gravimetric, and (d) volumetric methods by 
means of FeMing’s or similar solutions. 

The fermentoUion method is less accurate than tbe other methods. 
It is carried out in a fermentation saccbaiimeter, such as Einhom’s. 
This consists of a U-shaped tube, tbe longer limb of which is closed 
and carries an empirical graduation, indicating the percentage of 
glucose, corresponding to tbe amount of carbonic acid gas developed. 
Ten c.c. of the urine, mixed with some yeast, are taken, and the 
apparatus is filled with this mixture, care being taken to remove all 
air-bubbles. After twenty-four hours* fermentation at room tempera¬ 
ture, the percentage of glucose is read off. 

The gravimetric method ie the most accurate of and of the 
many modifications of it the Kjeldahl-Allihn method is now con¬ 
sidered the best. In this the reduction of Fehling*g solution, taken 
in excess, is carried out in an atmosphere of hydrogen (or coal gas), 
the precipitate of cuprous oxide is filtered through a Soxhleffs 
asbestos tube and finally reduced to metallic copper by heating the 
tube in a current of hydrogen. From the amount of copper found 
by weighing the tube before and after the experiment, the quantity 
of glucose is calculated by means of a table compiled for this 
purpose. 

Of the voluymtric methodM those of Ling and Eendle md of 
Benedict are given in this place; others wiU be found in Lesson 

XIII. 

- LING AND KENDLE*S YOLUMETEIO METHOD. The rngm 
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solution (diabetic urine) is allowed to run from a burette into a 
known volume of boilingr Fehling’s solution. The end point, i.e.^ the 
complete reduction of the cupric salt, is recognised by means of a 
solution of ferrous thiocyanate. When a drop of this indicator is 
placed on a slab, and a drop of a solution containing a cupric salt 
brought in contact with it, oxidation of the ferrous salt occurs, 
with the immediate production of the well-known red colour of 
ferric thiocyanate. 

PreparaHon of ike Indicator. -^One gramme of ferrous ammonium 
sulphate and 1.5 grammes of ammonium thiocyanate are dissolved in 
10 c.c, of water at a moderate temperature and immediately cooled; 
2.5 c.c. of concentrated hydrochloric acid are then added. The 
solution so obtained has invariably a brownish-red colour, due to the 
presence of ferric salt, which latter must therefore be reduced. 
TMs is effected by shaking with a small auantity of zinc dust. 

Preparation of Fehlinfs Solution.—Solution No. 1. —69.278 
grammes of crystallised copper sulphate are dissolved in water, 
and the solution made up to 1 litre. 

Solution No. /f.-—346 grammes of crystallised potassium-sodium 
tartrate (Eochelle salt) are dissolved in hot water, mixed with 142 
grammes of caustic soda, also dissolved in water, and after cooling 
made up to 1 litre. 

Equal volumes of these two solutions are accurately measured 
out and mixed in a dry task before use. 10 c.c. of the mixed 
solution are equivalent to 0.05 gramme of glucose. 

Analysis. —Freshly mixed Fehling's solution (10 c.c.) is accurately 
measured into a 200 c.c. boiling flask, diluted with about an equal 
quantity of water, and raised to boiling point. The urine is diluted 
with water and placed in a burette; the dilution should be adjusted 
so that 20 to 30 c.c. of the diluted urine are required to reduce the 
10 c.c. of FeMing’s solution. In the first experiment the urine should 
be diluted with nine times its volume of water. This diluted urine is 
then run into the boiling liquid in small amounts, commencing with 
5 c.c. After each addition of sugar solution the mixture is boiled, 
the liquid being kept moving. About a dozen drops of the indicator 
are placed on a porcelain slab, and when it is judged that the precipi¬ 
tation of cuprous oxide is complete (that is, when the blue colour of 
the solution is disappearing), a drop of the liquid is withdrawn by a 
clean glass rod or by a capillary tube, and brought in contact with the 
middle of one of the drops of the indicator on the slab. The end 
point is reached when the mixture ceases to give a red colour with a 
drop of the indicator. It is essential to perform the titration as 
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rapidly as possible, as an atmosphere of steam is then kept in the neck 
of the flask and the influence of atmospheric oxygen avoided. At the 
final point the liquid is boiled for about ten seconds. As in all volu¬ 
metric methods the first titration may only give approximate results 
and a second will then be necessary to establish accurately the end 
point. Each titration should take from two to three minutes. 

Example .—Suppose that the urine has been diluted tenfold with 
water^ and that 20 c.c. of the diluted urine are found necessary to 
reduce the 10 c.c. of Fehling's solution; this will be equivalent to 
2 c.c. of the original urine, and that amount will therefore contain 

0*05 gramme of sugar; 1 c.c. will contain and 100 c.c. will 

A 

contain x 100=2*5 grammes of sugar. 

A 

Pavy’s modification of Fehling’s solution is sometimes used. Here 
ammonia holds the cuprous oxide in solution, so that no precipitate 
forms in boiling Pavy's solution with a reducing sugar. The 
reduction is complete when the blue colour disappears. 10 c.c. 
of Pavy's solution=1 c.c. of Fehling’s solution=0*005 gramme of 
glucose. 

5. BENEDICT’S METHOD.—Benedict’s quantitative reagent^ is an 
alkaline solution of copper sulphate containing potassimn thiocyanate. 
This is kept boiling, and the sugar solution is run into it from a burette 
until the blue colour disappears; the thiocyanate forms a white pre¬ 
cipitate with the cuprous oxide formed, so that no red cuprous 
oxide obscures the blue tint. 

Freparation of the Solution. —Sodium citrate, 200 grammes, 
sodium carbonate (crystalline), 200 grammes (or anhydrous sodium 
carbonate, 75 grammes), and potassium thiocyanate, 125 grammes, 
are dissolved in hot water; this when cool is made up with distilled 
water to 800 c.c., and filtered. 

18 grammes of pure copper sulphate are then dissolved in 100 c.c. 
of water, and poured slowly with constant stirring into the first 
solution. 5 c.c. of a 5 per-cent, solution of potassium ferrocyanide 
are then added as an additional precaution to prevent any deposi¬ 
tion of cuprous oxide; finally the total volume of the mixture is 
made up to 1000 c.c. with distilled water. 25 c.c. of this solution are 
reduced by 0*05 gramme of glucose. 

Analysis. —3 or 4 grammes of anhydrous sodium carbonate are 
placed in a 300 c.c. flask, then 25 c.c. of the above solution. This is 
kept boiling over a small flame, and the sugar solution run in from a 
burette until the last trace of blue colour disappears. The amount 
used for this purpose is then read off. 

^ Benedict’s qualitative reagent (p. 19) contains sodium citrate, 175 grammes ; 
anhydrous sodium carbonate, 100 grammes in about 160 c.c. of water; to this are 
added 17*3 grammes of OUSO4 in 100 c.c. of water, the whole being then made up 
to 1 litre. 
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Calculation. —This may be illustrated by an example. If the 
reading on the burette is 10 c.c., then this amount of urine contains 
0‘05 gramme of glucose, therefore 100 c.c. contains 0*5 gramme. Should 
it be found that the first titration gives a result indicating that the 
percentage is greater than 1 per-cent., the urine should be diluted 
quantitatively so as to bring the concentration between 0*5 and 
1*0 per-cent. A further example will make the calculation clear. 
If the sugar solution had been diluted l-in-5 (that is, 10 c.c. with 
40 c.c. of water), and the reading of the burette was 10 c.c., then 

10 c.c. of the diluted solution=2 c.c. of the original solution. 

2 c.c. of the original solution contain 0*05 gramme of glucose. 

1 . . 0*05 

1 c.c. ,, ,, contains „ 

and 100 c.c. „ „ contain 

= 2*5 glucose per-cent. 

ESTIMATION OF OTHEE EEDUCING SUGARS.—The same 
two methods may be used for the estimation of other reducing 
sugars: the only difference is in the final calculation:— 

10 c.c. of Fehling’s solution ==0*05 gramme of glucose. 

(or 25 c.c. of Benedict’s solution) =0*053 „ fructose. 

=0*0676 ,, lactose. 

=0*074 „ maltose. 

ESTIMATION OF SUCROSE.—Boil 40 c.c. of the sucrose solution 
with 30 c.c. of half-normal hydrochloric acid for one minute. Cool, 
neutralise with 30 c.c. of half-normal sodium hydroxide, cool and 
make up the total volume to lOO c.c. The reducing sugars so 
formed are then estimated as before, and the results calculated from 
the fact that 10 c.c. of Febling’s solution (or 26 c.c. of Benedict’s 
solution)=0 *0475 sucrose. 

6 . ACBTO-ACETIC ACID AND ACETONE are frequently found 
in diabetic urine, and may be detected as follows :— 

(a) To 3 C.C. of the urine add a few drops of 10 per-cent, solution 
of ferric chloride as long as a precipitate (ferric phosphate) continues 
to be formed. Filter this off and add to the filtrate a few more drops 
of the ferric chloride solution. A claret-like colour (which disappears 
on heating) is developed if aceto-acetic acid is present.^ This test 
may also be carried out by pouring a few c.c. of the urine on to the 
top of some 10 per-cent, ferric chloride solution; the claret-like 
colour appears at the zone of contact. 

(b) Acidulate the urine with sulphuric acid and shake up with 

^ Carbolic acid, salicylic acid, and phenaceturic acid, all of which may occur 
in urine after drug treatment, give a similar colour reaction in both fresh and 
previously boiled urine; whilst aceto-acetic acid does not give the reaction 
if the urine has been previously boiled. 
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ether; the ether oe standingr floats oe the top; it contains the 
aceto-acetic acid in solution. Pour it off into another test-tube 
and shake with ferric chloride solution. A red colour is produced 
if aceto-acetic acid is present. 

(c) Heat 250 c.c. of the urine with dilute acid or alkali; the aceto- 
acetic acid is converted into acetone. Distil the mixture, and collect 
the first 20 c.c. of the distillate, and examine this for acetone. 

(d) Acetone in the urine itself or in the distillate just obtained 
may be detected by the following tests : 

i. Legal’s test. Add a dilute freshly prepared solution of sodium 
nitro-prusside and a little 20 per-cent, caustic potash. A red colour 
is produced. Acidify with strong acetic acid; the colour disappears 
at once in the absence of acetone, but remains or is intensified into 
a purple in its presence. This test is also given by aceto acetic acid. 

ii. Eothera’s modification is useful. Saturate 10 c.c. of imne with 
(NH 4 ) 2 S 04 , add a few drops of dilute sodium nitro prassid© and 2 to 3 c.c. 
of strong ammonia. A purple colour develops above the layer of 
undissolved crystals, usually only after standing some minutes. This 
test is also given by aceto-acetic acid, but is not interfered with by 
the presence of creatinine. 

iii. Acetone does not reduce FeMing’s solution or ammoniacal 
silver solution as aldehyde does. 

7. XJEINE 0 is from a case of jaundice, and contains bUe. 

(a) Bile pvjment may be detected by GmeMn’s test (see p. 108) or by 
Cole’s test, which is performed as follows; -Boil 15 €.c. of the suspected 
urine, add two drops of a saturated solution of MgSOi, then a 10 
per-cent, solution of BaOli drop by drop, boMng between each addition; 
continue until no further precipitate is obtained. Allow the tube 
to stand for a minute, and pour off the supernatant fluid. To 
precipitate add 3 to 5 c.c. of 97 per-cent, alcohol, 2 drops of strong 
sulphuric acid, and 2 drops of 5 per cent, aqueous solution of 
potassium chlorate. Boil for half a minute and allow the barimm 
sulphate to settle; the presence of bile pigments is indicated by the 
alcoholic solution being coloured a greenish blue. If the alcoholic 
fluid is poured off into a dry tube, mixed with a third of ihi volume 
of chloroform, and then an eqiual volume of water added (the tube 
may be inverted once or twice), the cMorofmm which contains the 
bluish pigment in solution then separates out. 

(b) Bile salts may be detected by Hay's sulphur test (p. 108). 
Pettenkofer’s test may be performed in iihB foEowing way: Wiyrm 
a thin film of the urine and cane-sugar solution in a flat poredWn 
dish; then dip a glass rod in strong sulphuric acid and draw it 
across the film; its track is marked by a purpM^ line. 







PROTEINS AND SUGAR IN THE URINE 


213 


PROTEINS IN THE URINE 

There is no protein matter in normal urine, and the most common 
cause of the appearance of albumin in the urine is disease of the 
kidney (Bright’s disease). The best methods of testing for and esti¬ 
mating the albumin are given in the practical heading to this lesson. 
The term “ albumin ” is the one used by clinical observers. Properly 
speaking, it is a mixture of serum albumin and serum globulin. 

A condition called “ peptonuria,” or peptone in the urine, is observed 
in certain pathological states, especially in diseases where there is a 
formation of pus, and particularly if the pus is decomposing owing to 
the action of a bacterial growth called staphylococcus ; one of the 
products of disintegration of pus cells appears to be peptone ; and this 
leaves the body by the urine. The term “ peptone,” however, is in 
the strict sense incorrect; the protein present is deutero-proteose. In 
certain diseases of bone, a proteose (Bence-Jones protein) may be 
found in the urine, which more nearly resembles hetero-proteose in 
its characters. 


SUGAR IN THE URINE 

Normal urine contains so little sugar that it is not recognisable 
by ordinary tests and therefore for clinical purposes it may be con¬ 
sidered absent. It occurs in the disease called diabetes mellitus, and 
can be artificially produced by the methods briefly referred to on p, 119. 

The methods usually adopted for detecting and estimating the 
sugar are given at the head of this lesson. The sugar present is 
glucose. Lactose may occur in the urine of nursing mothers. The 
blood of diabetic persons often contains /3-hydroxybutyric acid ; some 
of this passes into the urine, but in the body it is largely converted into 
aceto-acetic acid and acetone, in which form it is passed in the urine 
(see p. 120). 

/3-hydroxybutyric acid may be detected by fermenting the urine 
completely with yeast, and then examining it with the polarimeter; 
the ^-hydroxybutyric acid is not affected by yeast, and its presence is 
indicated by Isevo-rotation. 

Fehling’s test is not absolutely trustworthy. Often a normal urine 
will decolorise Fehling’s solution, although seldom a red precipitate 
is formed. This is due to excess of urates and creatinine. Another 
substance, called glycuronic acid (CeHjoOy), is also likely to be 
confused with sugar by Fehling’s test; the cause of its appearance 
is sometimes the administration of drugs (chloral, camphor, etc.) ; 
but in rare cases it appears independently of drug treatment in normal 
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urine. It is frequently found in diuhetit* urine. This acid is prodiu^crd 
by the oxidation of glucose, the in the (HI/ )I I group being repla(*c*d 
by O. The free acid is dextro-rotatory, whereas the conjugated 
glycuronates are lievo-rotatory. 

Then, too, in the rare condition cailled alcaptonuria, <*onfusion may 
similarly arise. Alcapton is a substanc’e whic*h originates from 
tyrosine by an unusual form of uKdaboIism. It gives the urine* a 
brown tint, which darkens on expfi.sun* to t!u‘ air. It is an aromatic 
substance, and the resean'hes of Bauman and Wolkow identifif*d it as 
homogentisic acid [(' 6 H;}(()H)/Hl 2 .(X)()H|. 

The best confirmatory tests for sugar an* Xhv Aa*/ 

(see Ixsson XIII), and fermenial/an /es/, 

BILE m THE UEIHE 

This occurs in jaundice*, the* eeimmonest <*ause* cH whie*h in olwlruc- 
tion of the bile duct. The urine* is dark brown, grecfinsh, or in extreme 
cases almost black in colour. Kxe*ess of unddlin should not be mistaken 
for bile pigment. 

BLOOD AND BLOOD PIGMENT IN THE HEINE 

When Irdcmorrhage occurs in any part of the* urinary Ideioei 

appears in the urine. It is founel in the* acute* stage eif Briglifs disease. 
If a large quantity is presemt, tlie* urine is d<*e*p red. *\li«TOM*opir 
examination then reveals the pr(‘sene(* c»f Idood corpuse‘k*s, and on 
spectroscopic examination the hands of oxylnemoglobin are seem. 

If only a small quantity of blood is prc‘Kent, the* secTetion e*sp<*cially 
if acid—has a characteristic reddishdirown colour, whi<*!i physi<-ians 
term “ smoky.” 

The blood pigment may, under certain ronditiems, appear in 
the urine without the presence of any blood <’orpus(*lc*s at all Thin 
is produced by a disintegration of the corpusc*lc‘H rreurring in the 
circulation. The condition so produced is <*alled Imm 0 ghhin! 4 ria^ 
and it occurs in several pathological state.s, as, for instance*, in the 
tropical disease known as “ Black-water fever.” The fiigment is in 
the condition of methaemoglobin mixed with more or less oxyhamio- 
globin, and the spectroscope is the means used for identifying t!ies(‘ 
substances. 

PUS IN THE HEINE 

Pus occurs in the urine as the result of suppuration in any part 
of the urinary tmet It forms a white sediment resem!)ling that of 
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phosphates, and, indeed, is always mixed with phosphates. The 
pus corpuscles may be seen with the microscope ; their nuclei are 
rendered evident by treatment with 1 per cent, acetic acid, and the 
pus corpuscles are seen to resemble white blood corpuscles, which, 
in fact, they are in origin. Some of the protein constituents of the 
pus cells—and the same is true for blood—^pass into solution, so that 
the urine pipetted off from the surface of the deposit gives the tests 
for albumin. On the addition of caustic potash to the deposit of pus 
cells a ropy gelatinous mass is obtained. This is distinctive. Mucus 
treated in the same way is dissolved. 

AMINO-ACIDS IN URINE 

Normal urine contains traces of glycine. Leucine, tyrosine, and 
other amino-acids may be present after extensive disintegration of 
tissue protein, such as occurs in acute atrophy of the liver (p. 187). 
Cystine may occur as a rare anomaly of metabolism. Associated with 
cystinuria one often finds diaminuria, that is, the passage of diamines 
into the urine ; these are known as cadaverine and putrescine, and are 
the result of the removal of CO 2 from the diamino-acids lysine and 
ornithine respectively (see p. 116). Homogentisic acid, found in 
alcaptonuria (see preceding page), is another somewhat similar 
anomaly; it arises from tyrosine. 
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DETECTION OF SUBSTANCES OF PHYSIOLOOICAL 
IMPOETANCE 

Subsequent lessons may be very use^fully employee! !)y the* class in 
testing for the various substancTs the properties of wliirh havet }>een 
previously studied. If the su!}.stence is in solution, the following 
scheme will form a guide to the tests to bc! employed. If the substama; 
under examination is solid, test its solubility in water ; if it is solulde, 
the same scheme can then be applied to the solution. If the substance 
is insoluble in water, test its solubility in alkali and other reagents ; 
insolubility in water will suggest sudi su!xstann‘s as uric* acid. If 
the substance is a mixture part of which is soluble in water, filter off 
the solution and examine that; then test the solui)ilily in alkali, 
etc., of the residue. 

1 . Note reaction, (*olour, ciearness or opalesec-nre, taste*, siiielL 
Coloured liquids suggest blood, !)ile, urine, etc. Opalescent licpiids 
suggest starch, glycogen, or (Trtain f)roteins. 

2. Add iodine. A colour is produccxl : 

If blue: Starch. Confirm by converting into a reducing sugar 
by saliva at 40° C., or by boiling with dilute* sulphuric: aeicl. 

If reddish-brown : Glycogen or dextrin, the distinctions betw«*en 
which are given on p. 29. The icxiinc* test for starch, etc,, fails in 
alkaline .solutions. 

5. Add copper sulphate and cmustic potash. 

(a) Blue solution: boil; yellow or red prc*cif)iuile. Qilumue, 
fructose, maltose, lactose, and other reducing sugars (for distinguishing 
te.sts see Lesson XIII). 

(if) Blue solution : no reduction on healing; boil some of the 
original solution with 25 per cent, sulphuric: add, and then t>oil with 
copper sulphate and excess of caustic potash; ahimdimt yellow or real 
predpitate : Sucrose. Confirm by HCI test (see p. 20). 

(^) Violet solution: Proteins (albumins, globulins, inetaproteirB). 
In presence of magnesium sulphate* the f>otash causes also a white 
precipitate of magne.sia. 

(d) Pink solution ; biuret reaction. Peptones or proteoses. In 
presence of ammonium sulphate very large excess of potash k necessary 
for this test. Only a trace of copper sulphate must be used. 

4. When proteins are present, proceed as follows : Boil the original 
.solution (after adding a trace of 2 per cent, acetic acid). 

(a) Precipitate produced : AlbuminB or globulins. 

(d) No precipitate : Metaproteins, proteoses, or peptones. 
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5. If albumin, or gIol)ulin, or l)oth are present, saturate a fresh 
portion with magnesium sulphate or half saturate with ammonium 
sulphate! ; filter; the prerif>itate (‘ontains the globulin, the filtrate the 

albumin. 

0. If proteins are present, but albumin or globulin absent: 

(a) Xeutralisation eauses a precipitate soluble in excess of weak 
acid or alkali. Acid or alkali metaprotein, according as the reaction 
of th(‘ original liejuid is acid or alkaline rcspcdively. If the original 
lifjuid is neutral, metapre^teins must be absent. 

(/^) Neutralisation j/rodiKTs no such precipitate : Proteose or 
peptone. 

7. If jiroteosc*, or pc‘ptone, or both are present, saturate a fresh 
portion witli ammonium sulphate : 

(a) Pre(if)itate : Proteose. (^) No precipitate : Peptone. 

If both are pre.sent, the f>reripitatc contains the proteose, and the 
filtrate the peptone. 

8 . To a fresh portion ad<l nitric acid (if proteins arc present). 

(a) No precipitate, (‘vcm though excess of sodium (‘hloridc is also 
added : Peptone. 

(S) No precipitate, until excess of sodium chloride is added: 

Deutero proteose. 

(c) Precipitate which disappears on heating and reap])ears on 
cooling : Proteoses. This is a distinctive test for proteoses, and is 
given by all of them. For one of them, however ((leutero-protc'osc!), 
exce.s.s of sodium chloride mu.st be* added also. 

(//) Pr(‘(if)itatc* little altc^rcxl by heating : Albumin or globulin. 

In all four easc.*s nitric acid //us heat c‘auses a ycilow c'olour turned 
orange liy ammonia (xantho-proteic rcniclion). 

If (Confirmatory tests for proteins : 

(a) Millonfs le.st (sec p. 41). 

(//) Adarnkiewirz’s reaction or, better, the modification of this test 
introduced hy Rosenheim (.see p. 4 1). 

{c) To test for fibrinogen : 

i. It c*oagiilales by heat at 50° Cl 

ii. It is ('hanged into fibrin by fibrin-ferment and calcium ciiloricle. 

(d) To test for caseinogen 

i. It is not c'oagulated by heat. 

ii. ft is changed into casein by rennet and calcium chloride. 

10. If blood (or derivatives of haemoglobin) is suspected 

(a) Examine s|)e(lrosc‘opk*alIy, diluting if neec'ssary. Before doing 
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SO, note colour (red or brown) and reaction to litrnus paper, dlten 
proceed according to following schc.'ine : 



Acid—ha^maloporphyrin (two ban<is). 


j two bands between I) 
Neutral' and K lines ; add a 
[ reducing agent. 


Bands rcanain TO haatae 
glofan. 

One hand rephu'is tlu* two » 
fjxyhamioglohin. 


Albiline reduced hjemalin (two hanrls) lUKiltcna! !>y re¬ 


ducing agent. 


'Acid-acid oxyhtematin (l>and in rc‘d). 

Neutral—'mctbtemoglohin (gives HbOg, thc*n rttluced Hb 
Brown on reduction with (N 114 ) 28 . 

Alkaline alkaline oxyhaunatin (gives reduced lurinatin on 
, reduction). 


The b(jst reducing agent to c‘in[)loy in the foregoing tests is sf«liuni 
hydrosulphitc (see p. 135), except in the case of methienioglobin ; here 
warming with ammonium sulphide is the l)est. 

{b) Dry : boil with glacial acetic add ami a fiystal of scMliiim 
chloride on a glass slide under a (*ovt‘r glass. WImui c^olci, Inernin 
crystals are seen. 

{c) Try guaiacum test and Adler's test (p. 135). 

{d) If the blood is old and dry, and its hamKigkddn c'onverted into 
haematin: 


i. Try hoemin test. 

ii. Try guaiacum test and Adler's test. 

iii. Dissolve it in potash : add reducing agent, and examine for 
spectrum of reduced haematin. 


11. If bile is suspected : 

(a) Try Gmelin's test for bile pigments (see p. lOH); 

(p. 212 ). 

{b) Try Pettenkofer’s and also Hay’.s tests feu* bile salts (sec* p. lUH). 


12 . Miscellaneous substances. 

(a) Mucin. Precipitated by acetic* add or !*y alrohoL llie 
precipitate is soluble in lime water. By cxdlecding the precipitate 
and boiling it with 25 per cent, sulphuric acid a rediidiig sugar-like 
substance is obtained. Mucin gives the firotein colour tests. 

{b) Nucleo-protein. Precipitated by ac<Jtic acid or by fticcihob 
The precipitate is often viscous. It is soluble in dilute alkalis such as 
1 per cent, sodium carbonate, dliis solution causes intravascular 
clotting. If the precipitate is collected and subjected to gastric 
digestion, an insoluble deposit of nuclein is left, which is rich in phos-* 
phorus. Nucleo-protein gives the protein colour tests. 
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(c) Gelatin. This also gives some of the protein colour tests, 
but not those of Miilon or Adamkiewicz. It is not coagulated, but 
dissolves in hot water. The solution gelatinises when cold. 

(d) Urea. Very soluble in water. The solution eifervesces when 
sodium hypobromite or fuming nitric acid is added. Concentrate a 
fresh portion, add nitric acid, and examine for crystals of urea nitrate. 
Solid urea heated in a dry test-tube gives off ammonia, and the residue 
is called biuret, which gives a rose-red colour with copper sulphate 
and caustic potash. 

(e) Uric acid. Very insoluble in water j soluble in alkali, and 
precipitated from this solution in crystals by hydrochloric acid. Uric 
acid crystals from human urine are deeply pigmented red. Try 
murexide, Folin’s and Schiff^s tests (see p. 196). 

(/) Cholesterol. Characteristic flat crystalline plates. For various 
colour tests see p. 109. 

13. Urine. Normal constituents. 

(d) Chlorides. Acidulate with nitric acid ; add silver nitrate ; 
white precipitate. 

(d) Sulphates. Acidulate with nitric acid or hydrochloric acid ; 
add barium chloride ; white precipitate. 

(c) Phosphates. Acidulate with nitric acid; add ammonium 
molybdate; boil; and a yellow crystalline precipitate forms. To 
another portion add ammonia; earthy {z.e. calcium and magnesium) 
phosphates are precipitated. 

(d) Urea (see above). 

(e) Uric acid. To 100 c.c. of urine add 5 c.c. of hydrochloric acid ; 
leave for twenty-four hours, and pigmented crystals of uric acid are 
formed. For tests see above. A more rapid test is to saturate with 
(NH 4 ) 2 S 04 , collect the precipitate on a Alter, and test it for uric acid. 

(/) Hippuric acid. Evaporate the urine with nitric acid, and heat 
the residue in a dry test-tube. A smell of oil of bitter almonds is 
given off. 

(g) Creatinine. For colour tests see p. 181. 

14. Urine. Abnormal constituents. 

(a) Blood. Microscope (blood corpuscles). Spectroscope (for 
oxyhsemoglobin or methgemoglobin). Haemin test. 

(J?) Blood pigment may be present without blood corpuscles. 
Spectroscope. 

{c). Bile. Gmelin’s, Cole’s, Hay’s, and Pettenkofer’s tests. 

{d) Pus. White deposit. Microscope (pus cells). Add potash; 
it becomes stringy. 

(<?) Albumin, (i) Precipitated, if acid, by boiling; precipitate 
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insoluble in acetic acid, so distinguishing it from ph()sf)hatc‘s. (ii) 
Precipitated by nitric acid in the cold, (iii) Pre(‘ipitatt*d by picric avid, 

(f) Sugar, (i) Brown colour with potash and lK*at (Moore 
test), (ii) Ferments with yeast, (iii) Reduces Feliling’s solution, 
(iv) Urine has a high specific gravity, (v) Add pi(Tic* acid, potash, 
and boil; the urine becomes a dark opaciue red ; the similar sliglu 
(‘oloration in normal urine is due to creatinineo 

(g) Aceto-acetic acid and acetone. For tc^sts sc‘e p. 211. 

{h) Mucus. Idocculcnt cloud; may b(‘ iiK’rea.sed by acetic* ac'id ; 
soluble in alkalis. A little miu'us in urine is not alaiormal. 

(2) Deposits. 

i. P'xamine microscopically for blood (‘orpusc'lcs, pus c-c'fls, crystals, 
etc. 

ii. Phosphates. White dcjposit often rnix(‘d with mu<*UH r»r pus. 
Insoluble on heating ; soluble in acetic acid, Urine generally alkaline*. 
Examine microscopically for coffin-lids of triple phosphate and .star-like 
clusters of stellar (calcium) phosphate. 

iii. Urates. Pink deposit, usually amorphous; may la* mixed 
with envelope crystals of calciuitt oxalate*. Dc*posit scduble on lieating 
urine. Murexicle te.st. 

iv. Uric acid. Depo.sit like c*ayi*nne pt‘pper. \Iic-rosc^opc*. I'ests 
as above. 


16. Enzymes. 

If the presence of an enzyme is susperted, prefiarc* the fcdicm'ing 
substrates: — 

{d) Fibrin suspended in 0*2 per cent I!(d. 

Fibrin suspended in 0*5 per cent. NagCCXi. 

(c) I per cent, starch paste in watfjr. 

(d) Boiled milk coloured with phenolphthiilf‘in. 

To each of the above add some cjf the* sus|K*(ted material, and to 
each prepare a control in which th<t suspected material has bmti iKuleci 
prior to addition. Incubate at 37® for half an hour, and then exiiminf!. 

If protein hydrolytic products are formed in (a)^ pepsin is present ; 
if in (3) trypsin is present. 1 est (c) with iodine ; if thc*re is no colora¬ 
tion, then an amyloclastk^ cmzyme is present--ptyalin or amylase*. 
If (d) is clotted, a rennin-like enzyme i.s present. If the milk is de¬ 
colorised, then lipase is present. In eac'h case the contnil inust not 
alter from its original condition, 



ADVANCED COURSE 


INTRODUCriON 

It will hc! presupposed that students who take the following lessons 
have already been through the elementary (‘ourse. The order in 
which the subjects are treated is the same as that already adopted. 
The instructions given will be mainly practical; theoretical matter 
on which they depend, or to which thc7 i^ad, is, as a rule, too lengthy 
to !>e discTissed in a short manual like the present volume. I'he 
Appendix contains a desc’ription of various instruments which arc 
not generally contained in sufficient numbers in a physiological labora¬ 
tory to admit of each student being able to use them in a class. It 
also contains a descTiption of certain methods of research which 
should always l>e shown in demonstrations, though there may be 
practical difficulties in allowing each member of the class to perform 
the experiment. 'Fhc few experiments in which living animals arc 
em[)loyed will also nee(,‘ssarily be of the nature of demonstrations. 



LESSON xni 


CARBOHVDKATKS 

1. Glycogen. —“A rabbit which has ft‘<I five ca* six hours 

previously on carrots is killed by bleeding. Thv chest and 
abdomen are opened quickly and a cannula inserted into ilie portal 
vein, and another into the vena cava inferior. A stream of 
salt solution is then allowed to j^ass tlirraigh the liver until it is 
uniformly pale. I'hc washings are cxdlecled in three beakers labtdlccl 

3, and 

The liver is cut out (fuickly, chopped into small piec*es, and 
thrown into boiling water acidulated with acetic- acid. I’he acidu¬ 
lated water extracts a small quantity of glycogen. I’he ideces of’ 
scalded liver are then ground up in a mortar with hot water, and 
thoroughly extracted with boiling water. Filter. A strong .solutbn 
of glycogen is thus obtained ; f)ut hot water will not c‘Xtract glyc^ogcu 
thoroughly. 

Test the solution when cold with iodine. 

To separate the glycogen evaporate liie solution to a small hulk 
on the water-bath and then add (‘xcess of alcohol; tin? glycc.'igeii is 
precipitated as a flocculent powder, which is collected on a filU‘r and 
dried in an oven at the temperature of 1W. 

2. Examine^the washings of the liver in the Ijeakcr.s n, 3, and c, 
for sugar. This may be done in a rough (fuantitative rrianncr ns 
follows Take equal quantities of a, 3, and in three test-tubes : 
to each add an equal amount of Fehling’s .solution, and boil: a will 
give a heavy precipitate of cuprous oxide*, 3 one not so heavy, and r 
least of all, or none at all 

3. PMger’s Method of Estimating Glycogen.- .-20 to lOCI grammes 

of the finely chopped liver are boiled for two or three hours with 
100 c.c. of 60 per cent, potash. After cooling, wash the contents of 
the flask into a beaker, and add 200 c.c. of water, and then 4(K) c.c*. 
of 94 per cent, alcohol, and the mixture is allowed to stand overnight. 

glycogen is thus precipitated free from protein. Collect the 
precipitate on a filter, and wash once with 1 voL 15 per cent, potash 
and 2 vols. of alcohol; then wash with 66 per cent, alcohol After 
thiS' transfer the precipitate and filter-paper to a large beaker and boil 
thoroughly with water. Neutrali.se the .solution and filter. Dilute 
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the filtrate to 500 c.c. and add 25 c.c. of hydrochloric acid of specific 
gravity 1*19. Heat for three hours on the boiling water-bath; this 
converts the glycogen into glucose. After cooling, neutralise with 
20 per cent, potash, and filter; the filtrate is brought up to 250 c.c.; 
estimate the glucose in this, either polarimetrically or by a good 
volumetric method. The percentage of glucose multiplied by 0*927 
gives the amount of glycogen. 

4. Microchemical Detection of Glycogen.—A thin piece of the 
liver is hardened in 90 per cent, alcohol. Sections are cut by 
the free hand, or after embedding in paraffin. If paraffin is used, 
this is got rid of by means of turpentine; and the sections prepared 
by either method are treated with chloroform in which iodine is dis¬ 
solved, and mounted in chloroform balsam containing some iodine. 
The glycogen is stained brown, and is most abundant in the cells around 
the radicals of the hepatic vein. 

5. Phenyl-Hydrazine Test for Sugars.—To 5 c.c. of the sus¬ 
pected fluid {e.g. diabetic urine) add 1 decigramme of phenyl-hydrazine 
hydrochloride, 2 decigrammes of sodium acetate, and heat on the 
water-bath at 100 ° C. for thirty to sixty minutes. On cooling, if not 
before, a crystalline or amorphous precipitate separates out. If 
amorphous, dissolve it in hot alcohol; dilute the solution with water, 
and boil to expel the alcohol, whereupon the osazone separates out 
in yellow crystals. Examine the crystals with the microscope (see 
accompanying plate). 

Glucose gives a precipitate of phenyl-glucosazone, C 6 H 3 L 0 O 4 
(NgH.CeHs).^, which crystallises in yellow needles (melting-point 
205° C.). ^ \ 

Fructose yields an osazone identical with this. 

Galactose yields a very similar osazone (phenyl-galactosazone). It 
differs from phenyl-glucosazone by melting at 190-193°, and in being 
optically inactive when dissolved in glacial acetic acid. A character¬ 
istic derivative of galactose is the methyl-phenyl hydrazone (melting 
at 180°) which can readily be obtained from the asymmetrical methyl- 
phenyl-hydrazine. This derivative is usually employed to identify 
this sugar. 

Sucrose does not form a compound with phenyl-hydrazine. 

Lactose yields phenyl - lactosazone, Ci 2 H 2 o 09 (N 2 H.C 6 H 5 ) 2 . It 
crystallises in needles, usually in clusters (melting-point 200 ° C.). 
It is soluble in 80-90 parts of boiling water. Lactose in urine does not 
give this test readily. 

Maltose yields phenyl-maltosazone (C 24 H 32 N 4 O 9 ). It crystallises 
in yellow needles much wider than those yielded by glucose or 
lactose (melting-point 206° C.). Unlike phenyl-glucosazone, it 
dissolves in 75 parts of boiling water and is still more soluble in 
hot alcohol. 

The chemistry of the phenyl-hydrazine reaction is represented in 
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the following equations, glucose being taken as an example of the 
sugar used 


I. CH20H[CH(OH)]3CH(OH)COH + H2N.NH(QH5) 

[glucose] [plienyl-hydrazinej 

CH20H[CH(0H)]3CH(0H)CH 

N-NHCQHs) 

[hydrazone] 


H3O 

[water] 


II. CH,0H[CH(0E1)]3CH(0H)CH 

|] Hr2C3H3NH—NHa 

N—NH(C6H5) I'i-dra/inel 

=CH20H[CH(0H)]3C—CH + CeHj.NHa + NHg + H^O 


CeHgNH—N N—NH-CgHs 


[aniline] -[ammonia] [water] 


6 . To determine the melting-point of the osazones (or other organic 
substances) place a small quantity of the powder in a capillary thin- 
walled tube, strapped on to a thermometer by an indiarubber band. 
Place this in a sulphuric acid bath which is gradually heated, and note 
the temperature at which the powder melts. 

7. The Polarimeter. —Estimate the strength of a solution of 
glucose by means of the polarimeter (see Appendix). The polarimctric 
method is a rapid one. When used for the estimation of glucose in 
urine, 50 c.c. of the urine are mixed with 5 c.c. of a 10 per cent, solution 
of lead acetate in order to precipitate pigments, etc. Filter through a 
dry filter, and fill the tube of the polarimeter with the clear filtrate. 
The dilution due to the lead acetate solution must be taken into 
account when calculating the percentage of glucose from the rotation 
observed. 

8. Formation of Mucic Acid. —Take 1 gramme of lactose and 
heat it in a porcelain capsule with 12 c.c. of nitric acid on a water-bath 
until the fluid is reduced to one-third of its original volume. Cool 
overnight, and a crystalline precipitate of mucic acid separates out. 
Cane sugar, maltose, glucose, dextrin, and starch, treated in the same 
way, yield an isomeric acid called saccharic acid, which, being soluble, 
does not separate out. Lactose yields both acids ; galactose, mucic 
acid only. As a confirmatory test for mucic acid, dissolve the pre¬ 
cipitate in ’ammonium hydroxide, filter if necessary, and evaporate 
to dryness on the water-bath. Dry distillation of the residue yields 
pyrrol which may be detected by the red colour produced when a pine 
shaving (match), moistened with hydrochloric acid, is held at the mouth 
of the test tube. 

Saccharic acid may be isolated readily as its acid potassium salt. 
This is relatively insoluble and crystallises without difficulty. 

9. Pentoses give the ordinary reduction tests for sugar and yield 
osazones, but do riot ferment with yeast. They give the two following 
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characteristic tests ; they may be performed with gum arabic (which 
contains arabinose) or pine-wood shavings (which contain xylose). 

{a) Phloroglucin reaction. Warm some distilled water with an 
equal volume of concentrated hydrochloric acid in a test-tube and add 
phloroglucin until a little remains undissolved. Add a small quantity 
of gum arabic, and keep the mixture warm in the water-bath at 100° C. 
The solution becomes cherry-red, and a precipitate settles out, which is 
soluble in amyl alcohol. This solution gives an absorption band 
between the D and E lines. 

{b) Orcin reaction. Substitute orcin for phloroglucin in the 
foregoing experiment. The solution becomes violet on warming, 
then blue, red, and finally green. A bluish-green precipitate settles 
out, soluble in amyl alcohol. This solution gives an absorption band 
betw'een C and D. 

10. Glycuronic acid (see p. 213) gives all the above reactions : it 
may be distinguished as follows :— 

{a) Take 50 c.c. of glycuronic acid solution in a dish ; add 1 gramme 
of /-bromphenyl-hydrazine and rather more than the same amount 
of sodium acetate. Keep the mixture in the water-bath at 100° C. 
for a quarter of an hour, when yellow crystals of /-brompheny 1-hydra- 
zone of glycuronic acid separate out. After cooling filter off the crystals 
and wash them with absolute alcohol, in which they are insoluble. 
Under the same conditions carbohydrates yield j?>-bromphenyl- 
osazones, but these are soluble in absolute alcohol. The j?>-bromphenyl- 
hydrazone is soluble in absolute alcohol to which pyridine has been 
added ; the rotatory power of this solution is greater than that of any 
of the osazones. 

{b) Tollens^ Test .—To 5 c.c, of urine add 0*5 c.c. of a 1 per cent, 
naphthol-resorcin solution in alcohol, and 5 c.c. of hydrochloric acid 
(sp. gr. 1*19). Raise the mixture to boiling-point and boil for one 
minute over a small flame. Let it stand for four minutes, and then 
cool under, the tap. Shake it with an equal volume of ether. If glycu¬ 
ronic acid is present, the ether becomes blue or violet, and shows an 
absorption band near the D line. From 60 normal urines, 40 gave 
the reaction ; it is especially strong after the administration of camphor, 
chloral, salicylic acid, creosote, etc. The reaction is not absolutely 
distinctive for glycuronic acid, since it is also given by glyoxylic acid 
and by all acids which contain both a carbonyl and a carboxyl group ; 
but none of these substances is likely to occur in urine. 

Bang^s Volumetric Method for the Estimation of Glucose 

Principle of the Method .—A copper solution, containing carbonates 
and sulphocyanide of potassium, is boiled with a quantity of the sugar 
solution which is not sufficient to reduce all the cupric salts. Under 
these conditions the cupro-thiocyanate, formed by the reduction, 
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is kept in solution. The exce.ss of th(^ cupric salt is tht‘n titrated bark 
in the cold by means of a standard hydroxylaniine scdution, the end 
point being a c'hange from a blue to a rolourkjss stdutiom 

Bertrand’s Volumetric Method for the Estimation of Glucose 

This method has recently come into vogue for thc‘ c^stiination of 
glucose in blood, etc. Jt is not so suitable for urine as Benedict’s 
method, owing to the fad that in itiany urincss caiprcaLs oxide doits iK>t 
easily settle, but remains partially in colloidal suspcaision. 

Principle of ihe Method. 'rhc‘ prectipitaie of c'uprous oxide* formed 
on boiling an exc'css of hVhling’s solution with a glucf>sc* solutifai is 
filtered off, washed, and dissolved in a solution of fcTric* sulphate in 
sulphuric acid. 'Fhe ferrous salt fornaal is titrated with a standard 
permanganate solution. 

Solutions required. . (1) k solution whic‘h (xaitains Tl grammes c)f 

pure copper sul[)hate in one litre. (2) A solution mdiieh c’onlains 2ttb 
grammes of Rochelle salt and 120 granmicrs sodium hytlroxide in omt 
litre. (3) A .solution which c*ontains 50 graninies fc‘rrit: sulphate 
(free from ferrous sulphate*), and 200 <*.<•. eon<*entratecl sidphiirir ac‘id 
in one litre. (4) A solution wdikdi (‘ontains 5 grtiiimic‘s polassiiirn 
permanganate in one litre. lliLs .solution is .standardised in the 

following way :. Weigh (UJt 250 inilligrainnuss ainiiicaiium fixiilati*, 

dissolve it in 50 c.c. water, add 2 c.c. con<*entrate<l siilfdiuric* acid, 
warm to 60-8(r (L, and titrate with the permanganate* .solution iinli! 
a pink colour p(*r.sists. 

Analysis.' .--Measure 20 c.e. of tlie .sugar solutkm ^ into a. flask of 

150 c.c. capacity, and add 20 c.c. each of ifte eopper .sulphate and 
Rochelle salt solutions. Heal to !}oiIing and keep th<* Iwiil for thret* 
minutes. Filter through an asl)estos filter, leaving most of iht! pre* 
cipitate in the flask. Wash the precipitate in tiie flask with a little 
distilled water and decxint through the same filter. Dissolve* ihi* 
precipitate in the flask in atK)iit 20 c.c*. of the ferric siilphaU* solution 
and pour the solution tlmough the filtCT. A green solution results 
which is titrated at onc'e with pcTinanganatc* until the* greim f“oloyr 
changes sharply into pink. 

Calculation. The amount of chopper, prec‘ipitati*c! us c*ii|.iroys oxide, 
i.s cak‘ulaled first from the? fcdlowing ecfiiations taking place cltiring 

the reaction: 

Cup f™Fe*^(S()4)3 ^.2C:uSC)4a 2FeHC.)4 i 

10FeSO4 f 2KMn04 4 8.112804 514*2(804).! t K^SO^ . 2MnH04» 811,0 
5 C 2 H 2 O 44 2KMn04L3Il2S04- lOCO^ 2 MriS 04 f HMp. 

One molecule of ammonium oxalate corresponds to 214? and 

^ I’he solution mnui not contain m«»re than KMI milligraiiiiiies of glitctisf, jitii! 
glve.s the hest results when the amcmnl is tetween 10 ami Ot) niilligramiiicii 
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therefore to 2C'u. 'Fhc amount of ammonium oxalate taken multiplied 
by 0*8951 (“^1^2^],^) thercforCj the amount of copper corre¬ 

sponding to the number of c.c. of permanganate used. From the 
amount of copper found the cpiantity of sugar is calculated by means 
of the following ta!)lc :■ ~ 


C ihicosc 

(ai in 

Clucose 

(5i in 

(iiucose 

(.'u in 

Clucose 

Cu in 

Cllucosc 

('u in 

in mg. 


in ing. 

nig. 

, in nig. 

mg. 

in mg. 


in mg. 


10 

20-4 

20 

57*2 

47 

00*0 

05 

121 *5 

.. 

83 

150*9 

11 

22*4 

50 

50*1 

; 48 

01*8 

t )0 

125*0 

84 

152*5 

12 

24-.5 

51 

00*0 

40 

05*0 

07 

124*7 

85 

154-0 

la 

20-5 

52 

02*8 

.50 

05*4 

fJ 8 

120*4 

80 

155*0 

14 

28 -.‘I 

55 

04*0 

51 

07*1 

09 

128*1 

87 

157*2 

15 

50-2 

54 

00*5 

i 52 

08*0 

70 

120*8 

88 

158-8 

10 

52*2 

55 

08*5 

55 

100*0 

71 

151*4 

80 

100-4 

17 

54 *2 

m 

70*1 

54 

102*5 

72 

155*1 

00 

102-0 

18 

. 50*2 

57 

72*0 

1 55 

104*1 

' 75 

154*7 

01 

105*0 

10 

; iH*i 

58 

75*8 

, 50 

105*8 i 

74 

150*5 

02 

105-2 

20 

40*1 

50 

75*7 

57 

1 () 7*0 ^ 

75 

157*0 

1 05 

100-7 

21 

42*0 

40 

77 *5 

58 

109*5 

^ 70 

150*0 

i 04 

108*5 

22 

4 . 5*0 

41 

70*5 

50 

111*1 

77 

141*2 

1 05 

109-8 

25 

45*8 

42 

81*1 

, 00 

112*8 

78 

142*8 

‘ 00 

171-4 

24 

47*7 

45 

82*0 

01 

114*5 

70 

144*5 

j 07 

175-1 

25 

10*0 

44 

84*7 

02 

1 10*2 

, 80 

140*1 

i 08 

174-0 

20 

51*5 

45 

80*4 

' 05 

117*0 

, 81 

147*7 

; 99 

170*2 

27 

2 K 

55*4 

55*5 

4(i 

HH '2 

04 

110*0 

> 82 

149*5 

i UK ) 

177*8 


LESSON XJV 

CAKBOHVDRATKS: ACTION OF DIASTASE UPON STARCH 

1. Prepare a 0*5 per cent, solution of starch. 

2 . Prepare some malt extract by digesting K) grammes of powdered 
malt with 50 c.c. of water at 5(P ('. for three hours, and subsequently 
straining. This c^xtracl contains the diastatic or malting enzym(‘. 

Solutions 1 and 2 may bc‘ c*onvcmiently prepared !)eforehand by 
the demonstrator. 

5. 'To the starch solution ad<l one-tenth of it.s volume of malt 
(‘Xtract, and p]ar(‘ the mixture in a water-bath at 4(L From linuj 
to time tc‘.st fiorlions of ihf‘ liquifl by mixing a drop with a, drop of iodine? 
solution on a testing slab. The blue* colour at first seen is soon rcifdacctd 
by violet (mixture of blue and red), and then by .a, red reaction (diK? te 
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erythro-dex/yhi)^ whic'h gTaduuIIy vanishes {adiramii A!<*nhrtl 

added to the lic|uid when all stan'h and erythro”df‘xtrin have* gemt* 
still causes a precipitate of a dextrin, vvhic'h, as it gives no rc»lour with 
iodine, is called achroo-dextriri. 'Vhv. li<iuid also eontains a rrdtin’ng 
sugar, maltose. 

4 . lake 50 c.c. of a solution of maltose ami deterniine how imam 
of it is nec(\ssary to reduce 10 of Fehling’s solutifai. 

5. Take another 50 c.c. am! boil it with I c.c. of strong su!p!iuri«- 
acid for half an hour in a flask. 'I'hi.s ef)nverts it into glueose. Aflf*r 
cooling bring lh(‘ liquid to its original volima* (50 c.c.) by mldiiig wafer, 
and again determine its inerc‘ased reducing power willi k'rhiing’s 
solution. If.TC'.c. of mallos(‘ solution an- neee^sarv to reduce in c.c, 

of Fehling’s .solution, then c.c. of gluc(Ksc* sfilulion an* approxu 

mately necessary for the same pur|a>se. benedict’s mcfliod (m-c* pp. 
210-211) may he employ(‘d inst{*ad of hVhling’s solution in thi'se 
e.stimations. 

6 . Wohlgemuth's im^thod for the <|uantilative detertiiiiialion ot 
dia.static (mzymes. A series c)f test tubc*s of ecpial si/c, eac’h ecuitaiiiing 
5 c.c. of a 1 per cent, starch .solutk»n, are kept in a vessel filled with 
ice water, and rleereasing fjuantities of the enzyme Miliitinn to la* 
examined an^ added, by the uh(‘ of ice vvatf*r the* aetion td the enzyme 
is ])reventcd until all the tuhe.s are prepared, dliey are now tratishTred 
into a water-bath kept at 4tb, by wluVh incatts tin* aciion of the eii/yiiic 
begins in all th(* tuhc*s simultaneously. 'Iliey are kept at iliis tciiipera 
ture for thirty tf) sixty minutes and flien again IraiisfVrreci into ice 
water, in ord(‘r to stop the* adion. 

All the tijl)(‘s an* th<-n fillefl with distilled wafer ami one liiop of 
decinormal iodine* .solutiejii is added to c‘acli. After shakiiif one 
obscTves Viirious <‘olours, sueli as dark blue, blue viold, reddish hrowig 
and yellow, aec’ording to the* (juaiility am! a«iivilv of ilif* eii/yme. 
Those tubes whic’h show a yellow to a reddiNli colour craifain achro i 
dextrin or erythro-dextrin, with a f)liu*-violt*t a mixtiirc of ei yllin^ 
dextrin and standi, d'he Iasi tube, in wliieli a violet I’oiour is priwliircil, 
is takem as the litnit of aetivily. In the cjiie iiiiiiiediatf'ly pieccfliiig 
this all tin* starch has been eonvertcal into dextrin, aiicl Iroiii it the 
.strength of the* enzyme sedation is ealeiilated by t'^fiiiiafiiig flic niiiiibci* 
of c.c*. of a I [MT (‘ent. start'll scdutioii, wdiieh lian l^eeii eufiverled into 
dextrin by I c.c. c;f the enzyme solution tliiriiig llie tiiiie of the experi 
ment. An (‘xanqdc* will make? this (*Iear. 'I he tiihi* iiiiiiiefiiately 
preceding the one whii*h shows a violet t'oloiir coiitaiiird 11*112 rax of 
saliva. Tlui time cjf experiment was thirty iiiiiuiles, 'riierrftire, 
0*02 c.c. saliva was able* to c'onvert 5 c*a*. id a I per rent. oliifioii 

into dextrin within thirty minules^ and therefore I e.r. of saliva mould 

5 

have produc'cd the satnc* elumgt* Iti ' 250 c.c. of the Holiiiiofi, 
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40 ° 

If D designates the diastatic strength, we obtain, therefore, D = 250. 

oU 

In another set of experiments with a different enzyme, the index tube 
contained 0-0125 c.c. saliva. We find, therefore, that 

0-0125 c.c. in 30' digests 5 c.c. of a 1 per cent, starch solution. 

1-0 c.c. ,, ,, 400 c.c. of the starch solution. 

40° 

Therefore, D - = 400. The diastatic power of this saliva was, there- 
oU 

fore, nearly twice that of the former. The same method and mode of 
notation may be used for any diastatic enzyme. 


LESSON XV 

CRY.STALLLSATIOK OK PROTEINS 

1. Egg-Albumm.—Fresh egg-white is mixed with an equal l)ulk 
of fully saturated, filtered, neutral ammonium sulphate solution, 
100 c.c. of the former are measured into a porcelain basin or strong 
beaker, and 100 c.c. of ammonium sulphate solution are added in 
successive quantities of 10 or 15 c.c., the mixture being thoroughly 
('burned with an egg whisk after each addition. The whole should be 
finally so thoroughly beaten up as to form a large proportion of light 
froth. After the greater part of the froth has broken down, the mixture 
is thrown on a folded filter-paper, moderately rapid filtration being 
obtained without the use of a fiiter-pump. The filtrate is strongly 
alkaline to litmus, and smells of ammonia. To the filtrate, or to as 
much of it as can be obtained in a convenient time of filtration, further 
ammonium sulphate solution is very cautiously added (best, drop by 
drop from a burette) until a slight permanent precipitate remains, 
and this precipitate is afterwards just redissolved by the equally 
('autious addition of water. Dilute acetic acid (10 per cent.) from a 
burette is now added drop by drop until such a stage of reaction 
is reached that a precipitate forms and only just redissolves. 
Jnnally one or two drops (not more) of acid are added in excess 
of this, whereupon a bulky white precipitate falls. The flask is now 
corked and allowed to stand. In twenty-four hours or less the 
precipitate, which will have increased in quantity, will be found to 
consist entirely of acicular crystals. Small portions should be 
examined under a ^-th objective, avoiding pressure on the cover slip. 
(F. G. Hopkins.) 

2. Serum-Albumin.—Crystals of this protein may be obtained by 
the same method. Horse’s serum is the best to use. 

3. Edestin.—This may be taken as a type of the crystallisable 
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vegetable gl(>f)ulins. One kilogrammes of hemp Ki*c‘ei is ground^ or 
pressed in an oil press. I’he remainder of the fat is tiien rtanovecl by 
extracting witli light petroleum. When free, from this solvent, the 
seeds are digested at GO'’ with 1 litre of 5 p(*r cTiit. solution of .sodium 
chloride. I’he liquid is tlaai filtered off from .the' r«''^idyi‘ tlirough 
t^alico and allowed to ('ool. A precipitate form> and s(*itles at the* 
bottom of the vessel. The supernatant lic}uici is them cicsanted cif 
and the precipitate washed by decaintation with distilled wafcT. ft is 
then redissolvecl in 500 c.<\ of 5 per cent, salt solution, and the solution 
filtered through a warm fdter. On c'ooling, bc'autifnl c'rystals c»t the 
regular system separate, dliesc* arc; washc'cl with c*old 5 per cent, 
salt solution, distilled water, alc'ohol, and Olier. 'file yi«icl is about 
100 grammes from a kilogramme of ground liernp .seed. A iiicihod 
which gives a larger yiedd, and is more* rapid, hu;*. n*ii*ntly bc*en de' 
scribed by Reeves, in which the* fad has bc‘en made use c>f that, thc'sc* 
globulins are much more soluble; in solutions of salts like .sodium 
benzoate, whk'h Iow(;r tlic; surface tcuision of watc*r, than tlic-y are in 
solutions of sodium chloride. (ScdiryvcT.) 


LbSSON XVI 
MILK 

1 . Ouseinogen in milk exists in the form of a salt d'afeiiiiii ra.sriiio- 
gcinate). Add acetic acid to milk, and this sidt is deroiiiposed, nricl 
free caseinogen (with entangled fat) is precipitatecL <’oiled the 
precipitate so produced from about 5IM) of riiilk on a filtc'r, and 
wash thoroughly with distilled water: grind it ufi with ealeiimi 
carbonate in a mortar, and add alKnil 5tK) e.e. of ciiniilled water ; 
allow the mixture to stand fca about an hour. The let rise's to the 
top; the excess of calcium carbonate* falls tci the* Ijottoiii. 'Ute iiiler* 
mediate fluid contains the c*a.seinogc*n in a very «^palesc‘eiit, eolloidai 
solution. Take some of this solution and divide* it into ihret* parl:-^, 
A, B, and C. 

Id A add ciilciumdVcic; n.*nnet. 

dd B add a few drops of 2 per ccait. solution of ealcdiiiri rlilcuicle, 

I’o C add both rennet and calcium chloride. 

Put all three in the water-bath at 4Cf Ck A clot of c-aseiii forms 
in C, but not in A if all calcium salts have been successfully washed 

away, nor in B. 

2. The formation of casein from caseinogen ii a cloiible jiroc'ess ; 
the first a(!tion is that of the enzyme, which converts the craseiiiogcfti 
into what may be called sf)lublc ca.seiii; the second ac:tion is that of 
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the calcium salt, which precipitates the casein in an insoluble form, 
or curd. This may be shown by taking some of the caseinogen solu¬ 
tion and adding rennet. Warm to 40*^ C. ; no visible change occurs, 
but nevertheless soluble casein and not caseinogen is now present. 
Then boil this mixture to destroy the enzyme, cool and add calcium 
chloride. A formation of insoluble curd now occurs. 

3. The two .stages of this process may also be shown as follows :— 
Warm to 40° C. some oxalated milk with rennet; no curdling occurs, 
then boil to destroy the rennet; after cooling add calcium chloride, and 
a curd is produced. 

Caseinogen may be precipitated as a salt from milk by the addition 
of alcohol. This reagent also precipitates the other milk proteins. 

4. The method of salting out described in Lesson VI., Exercise 
11 (p. 69), may also be used. Add to some milk an equal volume of 
saturated solution of ammonium sulphate. Caseinogen as a salt is 
thus precipitated, and entangles the fat with it. Filter off the precipi¬ 
tate and examine the filtrate as follows :—Saturate it with sodium 
chloride ; a small amount of precipitate comes down. This is the 
so-called lacto-globulin. This contains only a trace of true globulin ; 
it is mostly caseinogen previously left in solution together with calcium 
sulphate. Filter it off, acidify the filtrate with a few drops of 2 per 
cent, acetic acid, and heat it in a water-bath gradually. About 77° C. 
the remaining protein (lactalbumin) is coagulated. 

5. Fat Estimation in Milk {Gerber^s Acido-butyrometric Method). 

Principle of the Method .—The proteins of milk and the other solids 

not fat are dissolved in concentrated sulphuric acid, and the fat is 
subsequently separated by centrifugal force. The separation is helped 
by the addition of amyl alcohol. ^The whole process is carried out 
in a special simple centrifuge, holding two or more acido-butyrometer 
tubes, which allow the direct reading off of the fat percentage on the 
graduated narrow stem of the tube. 

Analysis .—By means of the special pipettes supplied with the 
apparatus measure into the tubes 10 c.c. of concentrated sulphuric 
acid, then 11 c.c. of the sample of milk, and finally 1 c.c. of amyl 
alcohol. Insert the rubber cork and shake the tube with an up-and- 
down motion until the curd is dissolved. Push up the cork, if 
necessary, so that the graduated neck is full, ap.d place the tubes 
into the cups of the centrifuge, screw on the cover, and spin the 
centrifuge for two or three minutes. If the fat is not in a clear limpid 
layer in the neck, or if the upper portion is frothy, the rotation has 
not been sufficient and must be repeated. Read off the percentage 
of fat by adjusting, by slight pressure on the cork, the bottom layer 
to one of the larger lines on the scale and count up the number of 
divisions between this and the lowest curved line at the top. Each of 
the larger divisions is equal to 1 per cent, of fat, and the smaller OT 
per cent, of fat. 
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LESSON XVII 

TIIK PKOTKOSl'.S 

1 . Commercial peptone contains a variahit* amcnint of tnio pfpfont*, 
but usually consists chiefly of proteoses, which an* soluble*. like peptoiif, 
in neutral saline solutions. 

2. Make a solution of this substance in 10 per cent, sodium rhkiriclr 
solution, and filter Very little residue is left cm the fdter. dliis 
consists of dysproU^ose, an insoluble form of hcdeneproterjsi*, tbriiiec! 
during the process of preparing Iht substance*. If hot saline Miliiiion 
is used instead of cold as a srdvcmt, lids amount of insolulde residue is 
increased, hetero^proteose being to a slight extent prefipitated liy Iieitl. 

3. Lhe solution gives the foHbw’ing : • 

(a) It does not coagulate on h(*ating. 

(/i) Pink biuret reaction (du(‘ both to pc‘ptone and pn^efisesl. 

{/) A drop of nitric acid, best adde<l l^y a glass rod. gi\*es a pn'clpi 
late which dissolves upon heating and rea|)j*c*ars on c-ooliiig. (This i-'^ 
due to the proteoses present.) 

(d) The preeijjitatci proclueeci l)y the* acliliticai of ac**iir at'kl and a 
drop of potassium ferroeyanidc* is also soliibk* on heating and reappears 
on cooling. 

4. For the separation of the proteoses and pepfoiie procei^d as 

foIlow^s r- 

(a) Saturate the .solution with aniincmiioii sulphate, and filter. 
The filtrate contain.s tiie peptom*, and. the pr’cipitali' the protctises. 
The peptone is not prc!cif)iluted by iiilrit* laid, nor by many of tin* 
reagents that precipitate other proteins. It Is precipitated ffatipletely 
by alcohol, tannin, and pota.ssio-nierciiric’ iodide; itii|ierfc'iiiy by 
phosphotungslK! and plKJspliomolyfidk* acid. 

It gives the pink lauret reaction, hd /// ///c AriW'tmr c/ (immafnnm 
sulphate a large excess of canstic paiash is mressarr, 

(h) Dialyse another portion of tlie Mihitiun ; laiero profircise h 
precipitated. 

(c) Saturate another portion of t!u* solution mitli sodiiiin rliioride 
(or half saturate with ammonium sulpliati*) after faiiilly acidulating 
with acetic acid. Proto-proteose and betero-prolcfjse are prccl|iitittt.,ti. 
Filter. The filtrate ermtains the deutero-proteose and pcptoiie. 

The proto- and hetero-proleohe may be rtfdissolved by lidding 
distilled water, and may be .separated from each other by dialysis 
(see h). 

Deutero-protco.se may lie separated from the peptone Iiy sat unit icjii 
with ammonium sulphate, or by the addition of a crystal of plicwphciric 
acid. These reagents precipitate the deutero-proteose, but not the 

peptone. 
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Deutcro-proteo'^e gives the nitric acid reac^tion (s'ec 3, c) character¬ 
istic of the proteoses only in the presence of excess of salt. If the salt 
is removed by dialysis, nitric acid then ('auses no ];recij)itate. 

5. Another dcli(‘at(i t(‘st introduc'ed by McWilliam may here be 
mentioned. Salicyl-sulf)honic^ ac'id precipitates albumins and globu¬ 
lins ; on heating, th(.* precipitate is coagulated. The same reagent 
[)recipitatcs proteoses. On heating, the preeipitate dissolves and 
reappears c)n cooling. It does not ])rc‘cipitate peptones. 

6 . The use of triciiloracelic acid for the separation of various 
proteins may be illustrated by thc^ following experiment: Take some 
blood and add to it some solution of ('ommcmial i)ef)tone (/.c. proteoses 
and peptonc‘). Add to this mixture! an equal volume of a JO per cent, 
solution of tri(‘hIorac(!tic acid. • d'hcjrc is an abundant precipitate. 
fk>il rapidly and fiitcT hot. The filtrate contains the proteoses and 
peptones, ail the other proteins being contained in the precipitate. 
On cooling, the filtrate deposits some of the proteose. The proteose 
and peptone in the filtrate may be detected in the usual way. 


LESSON XVIII 
DIcaOSTION 


Numerous methods have been devi.sed for the purpose of comparing 
the }>roteodastic! activity of digestive enzymes, and for determining 
tlteir rate of action. llu‘se methods may be conveniently grouped 
into two cia.sst‘.s : 

(a) Methods in whic-h the? rate of solution of a sc.Tcl protein is used 
as the index of the ac-tion of the enzyme ((IriitznerN, Roaf’s, and Mett’s 
methods). 

(/;) Methods in which the rate of formation of the products (amino- 
acids) serves as the index (SeSrensen’s, Van Slykcfs, and the ninhydrin 
method.s). 

1. Eoafs Method. 'This is a modification of (Jriilzner’s rnedhexL 
(Irtitzner used fibrin stained with carmine, and whem the fibrin is 
dissolvrxl the emnnine is set fno, and from the dcqith of colour the 
amount of fibrin digested ctan be estimated. The disadvantage of 
the method is that it can only be used for gastric: jume, for when alkali 
is present, as in pancTeatic: fluid, the carmine is dissolved out by the 
alkali before digestion sets in. This was overcome by Roaf by using 
Congo-red instead of carmine. 

Freparation of the Stained Fibrin. - .-('lean fibrin is minced, and 

placed in a 0*5 per cent, solution of (jongo-red solution for twenty- 
four hours (50 grammes of moist fibrin per 100 c.c. of staining solution). 
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I'his is then prun'd into excess uf wale‘r unci iieuted Iti SO ( , f<#r livt* 
minutes. The* fi!)rin is then collertecl on a <'Iotfi and washed uiidtn* 
the ta]x ft is sqiu‘eze(l as dry as po.s^:if)I(^ and kept in ec|ual parts of 
^dy('eroI and water, a little toluol b(‘ing addt*d to prevent the growth 
of moulds. As instances of the way in whudi expcrinients may Im* 
performed, the following may be taken : 

(a) Put an ec|ual weighed (|uantity of the stained fibrin into two 
test-tubes: add to each an ecjiial volume of one of two arlificiul 
pancreatic fluids. At the end of a given time (say fiftet'ii iiiiiiiites) 
remove the tubes, and filter ; tin* fluid will be more dt’cply ro|oiin*d 
which contained the more active enzyme ; dilute thi^ until it hits the 
same tint as the lighter fiuid, and the amount of cliliilion nec-essary 
will measure the redative effi(‘ienry f>f the two preparations. 

(S) Repeiat the experiment, using two specimens of iirtificial gastric 
juice. I'hcir relativ(* efficiency is detcTniiiied in the same waty, exc'cpt 
that as the aedd of the juice has turned tlie n*d into a bluish colour, 
the reaction should be rendered just alkaline i>y the addilion of a few 
crystals of sodium (*art)onale. It is easier to determine the rehitive 
depth of tint in red than in blue fluids. When ccanpariiig the depth 
of colour of an aedd digest with that resulting frc^iii digestion in an 
alkaline medium, the neutralisation of the former is carried raif in 
the same way, and the depth of the two red solutions c:*an then la;,! 
directly compared. 

2. Mett’s Method. A method whic-h is now very giiierally 
employed for estimating the prot(*oly!i<* adivitv cd* n jiiiee 

is one originally introdueaxi i)y Melt. Piec'es of capillary glass tubing 
of known length are filled with white of egg. lliis is 5t‘f into a solid 
by heating to 9f>®(k They are then pkmecl in the digestive fluid iil 
36® C., and the coagulated c*gg-wdiite is digested. After a given 
time the tubes are removed ; and if the digeslivc* pn«*esh luis not 
gone too far, only a part of the littli* c*okiitm of ciiaguliitf'fi prcgidri 
will have disappeared ; the kaigth of the remaining coliiiiiti is easily 
measured, and the kmglh that has been digested is a iiieasiin^ of the 
digestive strength of the fluid.^ dliis forms a very ttaiviiiieiii iiiofhocl 
to use in experiments on velocity of readion. Scliiil/\ liiw’ statcH 
that the amount of action i.s pnqjorfiona! to the* sf|iiiirc‘ rmit of the 
amount of pepsin. In most othc:*r c'ases of cmzyinc*. activity tip* nipidily 
of action is directly proportional to the amount of enzyme presefil (.m* 
pp. S)2-03). 

^ Hamburger has used the .same mt-ilmd m mvesiigaliiig slii? .iritjui i*f 

juices on gdatin. The tubes are tilfecl wiili warm gi'ktiii s*4i>iiori, anil ihii jrllirs 
on cooling, 'riicy are phureci as l>elorf in the cligeHlIvr itml ifit* length of 

the column that disappears ran be easily ui«iHiirt!fL TlieM- t‘X|irriniriiiii iiitta, 
evty, be performed at nami lemperaluo*, for ilm temperatiin* iail4(LC*.| ill which 
artificial digestion is usually aoried out w^fjtild riirll iftr gfliilni. Hct also iiMjil 
the same method for estimating amylolyitc activity, by filling flit! iuln!ii with llikk 
.starch paste. 
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3. The Method of Gross and Fuld.—In this method a solution 
of caseinogen is used as the substrate. As caseinogen is soluble in 
dilute hydrochloric acid as well as in alkali, the method can be used 
for observations on both peptic and tryptic enzymes. In peptic 
digestion, the caseinogen which is still undigested is precipitated by 
sodium acetate, while the cleavage products remain in solution. In 
tryptic digestion the end point is estimated by precipitating the un¬ 
digested caseinogen with alcohol and acetic acid. 

{a) Caseinogen Method for Pepsin Estimations. —The caseinogen 
solution is prepared by dissolving 1 gramme of caseinogen (commercial 
casein) in 1 litre of dilute hydrochloric acid (16 c.c. of HCl, specific 
gravity 1T24, and 986 c.c. of water). A series of test-tubes are 
charged with 10 c.c. of the caseinogen solution, and decreasing 
amounts of the gastric juice. The tubes are incubated for fifteen 
minutes at body temperature, and then a few drops of a concentrated 
solution of sodium acetate are added to each. Those tubes in which 
all the caseinogen is dige.sted will show no precipitate ; those tubes 
in which much caseinogen remains undigested will show a heavy 
precipitate ; the first tube in which a mere cloud is observed is taken 
as containing the amount of enzyme just sufficient for digestion, and 
this amount is taken as the unit. Normal gastric juice by this method 
shows 33 units. 

if) Caseinogen Method for Trypsin Estimations. —One gramme of 
caseinogen is dissolved in 10 c.c. of decinormal soda, neutralised with 
decinormal hydrochloric acid, and made up to a litre with distilled 
water. Again a series of test-tubes are charged with 2 c.c. of the 
solution and decreasing amounts of the pancreatic fluid. These are 
incubated for an hour at body temperature, and then a few drops of 
acid alcohol (1 c.c. acetic acid, 50 c.c. alcohol, 49 c.c, water) added to 
each. The tube which shows only the faintest cloud is taken as 
before as the unit. Human pancreatic juice shows by this method on 
the average 250 units, that of the dog 125-250 units. 

4. Sorensen’s Method.—-This very simple method for the estima¬ 
tion of amino-acids depends on the action of formaldehyde on these 
substances. Amino-acids combine with formaldehyde to form methy¬ 
lene compounds :— 

R.CH.NHg-f-O : CH^-R.CH.N : CH^ + HgO 


COOH COOH 

The basic character of the amino-acid thus being destroyed, the 
carboxyl (COOH) or acid group may be titrated in the usual way. 
The method is carried out by adding an excess of a neutral formal¬ 
dehyde solution to the digested fluid, and titrating the acid set free 
with decinormal alkali, as described under estimation of ammonia in 
urine (Lesson XXII). 
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5. Estimation of Amino-Nitrogen by Van Slyke’s Metbod.—The 
principle of this method is based on the well-known reaction of 
nitrous acid on aliphatic substances which contain an amino-group. 
The reaction proceeds according to the formula— 

R.NHa + HNO 2 = R.OH + H^O + N 2 


R being the fatty radical. It will be seen that the amount of 
nitrogen evolved is double that contained in the amino-compound. 
Therefore the final result must be divided by 2. 

Fig. 47 shows the appa- 
c ratus designed by Van Slykc 

for obtaining and measuring 

III ^ llir ll the nitrogen evolved. 

^ H apparatus is first filled 

JI with nitric oxide in order to 
— ~ ( ) displace the air; this gas is 

yj - also used to wash the evolved 

nitrogen into the eudiometer 
which is filled with a 1 
1 “ p II per cent, sulphuric acid solu- 

i - 11 tion. The excess of nitric 

ISn? ™ oxide is removed by perman- 

^ ganate solution contained in 

” a Hempel pipette (H). The 

^ ~ tube A serves for the supply 

r J - of nitrous acid (sodium nitrite 

_ and glacial acetic acid). The 

I II reaction between the amino- 

^ substance and nitrous acid is 

h ~ carried out in D. The amino- 

_ substance in solution is run 

into D from the graduated 
tube B. The description of the 
Fig. 47.—Van Slyke’s apparatus. determination may be divided 

into three stages 

(1) TAe Dispiacement of Air by JAitric Oxide. —I'he acidulated 
water in F fills the capillary tube leading to the Hempel pipette (H), 
and also the capillary tube as far as c. Glacial acetic acid is poured 
into A up to the mark ; this is run into D, the stopcock c being turned 
so as to let the air escape from D. Through A one next jDours sodium 
nitrite solution (30 grammes of sodium nitrite per 100 c.c. of water) 
until D is full of solution. The gas exit from D is now closed by the 
stopcock and a being open, D is shaken for a few seconds. The 
nitric oxide which instantly collects is let out at <r, and the shaking 
repeated. The second amount of nitric oxide then evolved, which 
washes out the last portions of air, is also let out through c. D is now 
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shaken until all but 20 c.c. of the solution have been displaced by 
nitric oxide, and driven back into A. A mark on D indicates the 
20 c.c. point. One then closes a, and turns c and / so that D and F 
are connected. 

(2) Decomposition of the Amino-suhstance. —Ten c.c. (or less) 
are measured off in B, and a known amount of this is run into D, 
and D is shaken for three to five minutes. With a-amino-acids, 
proteins, or partially or completely hydrolysed proteins, five minutes’ 
vigorous shaking is sufficient. (A small motor may be arranged for 
the purpose of shaking D and H.) In cases where the solution is 
viscid, and the liquid threatens to froth over into F, B is rinsed out, 
and a little caprylic alcohol added through it. 

(3) Absorption of Nitric Oxide and Measurement of Nitrogen .— 
The reaction being completed, all the gas in D is displaced into F by 
liquid from A, and this gaseous mixture of nitrogen and nitric oxide 
is drawn from F into the absorption pipette H. The latter, which is 
filled with permanganate solution (50 grammes potassium per¬ 
manganate and 25 grammes caustic potash per litre), is then shaken 
for a minute, and thus the nitric oxide is absorbed. The remaining 
gas (which is pure nitrogen) is then returned to F and measured. 
This amount divided by 2 (see equation) gives the amount of amino- 
nitrogen, from which the amount of the amino-substance analysed is 
calculated in the usual way. 

6 . The Ninhydrin Reaction.—This reaction was discovered by 
Ruhemann, who found that all acids containing a free amino-group 
in the a position react with triketohydrindene hydrate (ninhydrin) 
with the production of an intense blue colour. The reaction is very 
delicate and will detect, for instance, one part of glycine in 65,000 
parts of water. The reaction is only characteristic in the absence of 
ammonium salts and of aliphatic amines. It has been applied by 
Abderhalden for the detection of products of protein hydrolysis in tests 
for pregnancy and cancer, but its value as a specific test in these cases 
appears to be very doubtful. Recently Harding and MacLean have 
shown that the ninhydrin reaction in presence of pyridine can be used 
as a means of estimating a-amino-acids colorimetrically, and have 
applied the method to the estimation of amino-acids during protein 
hydrolysis by acids, or by pancreatic enzymes. The method is a most 
sensitive one and is relatively simple, and its results agree with those 
obtained by the Van Slyke method. 

7. The Acid of Gastric Juice.—The digestive powers of the 
acid are proportional to their dissociation and the number of H ions 
liberated. The anions, however, modify this by having different 
powers of retarding the action. The greater suitability of hydrochloric 
over lactic acid, for instance, in gastric digestion is due to the fact 
that the former acid more readily undergoes dissociation. 

Hydrochloric acid is absent or diminished in some diseases of the 
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stomach, especially in cancer ; this is true for cunccr iti general even 

when the stomach is not involved ; the best colour tc^^ts foi if an* the 
following :— 

(a) Giinzburg’s reagent consists of 2 parts of jihloroghirincil, I 
part of vanillin, and 30 parts of rectified spirit. A of filtrnMl 

gastric juice is evaporated with an equal quantity of the 
Charring must be avoided. Red crystals form, or,^ if itiuch |K‘f>tonc 
is present, there will be a red paste. The residue is of a I night hm! 
colour, even when only 1 part of hydrochloric acid in 
The organic acids do not give the reaction. 

(d) Trop^eolin test. Drops of a saturated solution fi tr<»fia*olin ()0 
in 94 per cent, methylated spirit are allowed to clry on a porc'flain 
vslab at 40° C. A drop of the fluid to bc^ t<*sted is placed on a 
tropasolin drop, still at 40° C. : and if hydrochloric a<id i.s present a 
violet spot is left when the fluid has evaporut(*d. A drop of 
per cent, hydrochloric acid leaves a distinct mark. 

(c) Topfer’s test. A drop of dimethybandn*) a/o lieti/ene is 
spread in a thin film on a white plate. A drop of hydro 

chloric acid (up to 1 in 10,000) strikes with this in the cold a bright 
red colour. 

Tropasolin and Tdpferks • reagent arc two of many aniline dye** 
which can be used for the purpose. 

Lactic acid is sometimes present in the gastric « ofitents, being 
derived by fermentative processes from the food, ft is soluble in 
ether, and is generally detected by making an cdhcmail exirac t of ihe 
stomach contents, and evaporating the ether. If la«lir acid h presnii 
in the residue it may be identified by UffelmannV reaetion in ila* 
following way :— 

A solution of dilute ferric chloride and (*arholie ai id is made a»* 
follows :— 

10 c.c. of a 4 per cent, solution of carbolic* acaci. 

20 c.c. of distilled water. 

1 drop of ferric chloride solution. 

On mixing a solution containing a inert! trata* (tip iff 1 part in 
10 ,000) of lactic acid with this violet solution, it is iristafitly fiirricd 
yellow. Larger percentages of other acids- for instaiin*, iniirt* lliaii 
0*2 per cent, of hydrochloric acid—are necanssary ttf donbrisc the 
solution, but the deep yellow colour produtanl by hidir nrid i% nut 
obtained. 

Hopkins's Reaction for Lactic Acid. —Place 3 drops of a 1 par rent 
alcoholic solution of lactic acid in a clean, dry tt*st ‘tuiHn acid 3 vx. of 
concentrated sulphuric acid and 3 drops of a saturalrd soliitififi* of 
copper sulphate. Mix thoroughly and plac'c the in a bciikrr 

of boiling water for five minutes. Then cool thoroiigbly titidrr thr 
tap, and add 2 drops of a 0-2 per cent, alcoholic miluthm of ifibphrne 
and shake. Replace the tube in the boiling water ; u?, tin: iiiixturc 
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gets warm a cherry-red colour develops. The reaction is due to 
the production of formaldehyde and acetaldehyde by the oxidising 
agent used ; the thiophene interacts with the aldehydes. 

8 . Analysis of the Acids of Gastric Contents.—The contents are 
usually obtained by a stomach tube after a test meal consisting of 
dry toast and tea without milk or sugar. Useful information may 
be obtained for comparative purposes by carrying out the following 
analyses:— 

(1) Total Chlorides .—This includes free HCl, and HCl combined 
with organic bases and with such bases as sodium. 10 c.c. of the 
filtered contents are treated as described for chlorides in urine on 
p. 268. Express the result in percentage of HCl, i.e. number of 
grammes of HCl per 100 c.c. contents. 

(2) Total Acidity .—This gives free mineral acid, mineral acid 
combined with organic bases and organic acid if any is present. Place 
10 c.c. of the filtered contents in a flask, dilute with distilled water 
and add 2 drops of phenolphthalein. Titrate to a faint purple colour 
with N/10 sodium hydroxide. Express the result as in (1). Note that 
1 c.c. NTO HCl contains 3*65 milligrammes HCl. 

(3) Free Acidity .—Carry out the analysis as in (2), using, however, 
as indicator, Tdpfer's reagent (dimethylaminoazobenzene). The end 
point in this case is to be taken as a lemon-yellow colour. Express 
the results as in (1). It should be noted that if lactic acid is present 
in considerable excess the result by using this indicator may be high. 
Under ordinary conditions, however, the result may be taken to 
represent free HCl. The use of alizarin red has been suggested. By 
its aid as an indicator free mineral acid plus organic acid may be 
determined. 

9. Demonstration of Pancreatic Secretion.—In an anaesthetised 
dog insert a cannula into the main pancreatic duct, and collect 
the juice in a suitable vessel. Inject some 0*4 per cent, hydro¬ 
chloric acid into the duodenum, and note after some minutes the 
abundant flow of pancreatic juice. Next ligature off and remove two 
or three feet of the upper part of the small intestine, wash out the 
contents, and slit it open ; scrape off the mucous membrane with the 
back of a scalpel; preserve a small quantity of the scrapings for 
future use and label this A. Grind up the remainder in a mortar 
with clean sand or powdered glass, ^and add 0*4 per cent, hydrochloric 
acid. Transfer the mixture to a flask, boil, and when cool neutralise 
with a little caustic soda solution. Filter. The filtrate contains 
secretin^ which has been formed by the acid from the pro~secretin of 
the intestinal epithelium. Inject some of this solution through a 
cannula into the external jugular vein of the dog, and an abundant 
flow of pancreatic juice is an almost immediate result. 

Characters of the juice so obtained :— 

{a) It is a clear, colourless fluid, and very strongly alkaline. 
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{b) Mixed with starch solution anti kept at 4fL C\ dextrin and 
maltose are rapidly formed. 

(r) Mixed with milk, the milk rapidly hcM'ome.s acid and a smell 
of fatty a(ad is noticeal>Ie. Milk curdling dcM*s riot usually cKTur 
typically unless excess of (kiC'l^ addend. 

{d) Added to fibrin and k(‘pt at ‘ItL protein digc'stion rjccnirs very 
slowly ; next day, however, the fibrin will be in sonu* nic*aMire dig<*sted. 

{e) Mix some of the pancnaitic jui<*<‘ witli the scraping of the 
intestine which was pr(hservc‘d and lalielhal A. llien add fibrin. 
The fluid is now strongly proteolytic, and at 4fr i \ the fibrin rafiidly 
dissolves; trypsin has been libcTated from tlie trypsinogeii of the 
juic'e by the intestinal efifero-kifiasr, 

K). Products of Pancreatic Digestion of Proteins. A pancreatic 
digest should be prepared Iieforcliand !)y tlK‘ dcaiionstralor. 1‘ln’s 
may be dont^ by digesting a (juamity <4* piotein with artificial 
])ancrcatic. jui(‘(‘, if the natural juice* prepared fiy the* action of s«H*rf*iin 
is not available ; in the latter case tin* adiiiticai cif inh^siinal «*pitlieliwfn 
(entero-kinase) should not Ik* forgotte*!!. lailcss.s an ariliheptic* has been 
added putrefaction will also occ-ur, and the eonseifncnl cMloiir will be 
very perc^eptible aft(*r the mixture has b('c*n plac*f*cl in the wanti chafiiber 
for some time. 


A very good mixture for tlie purpo.sfj will be found to he the 

following: - .. . , 

l Of) grammes <4 eommernal c'asc*m. 

H) grammes of sfidiuin (*arboiiate. 

I litre (4' water. 


25 c.c. of Bengerks licpior paiicreaticiis. 
0*5 gramme .sodium fhioricle. 

3 CSC. chloroform. 


The last two itenus on the list are add<*d to prcwerit putrefaction. 

After digestion has progressed for one or two days iinolher 10 c.c-. 
of liquor pancreaticu.s may he addc‘d. 

The products of digestion in one vusv shcnild be examined, siiy, 
after six hours’ digestion, and in another cuse after lhirty%>ix hoiir^i 
or more. The; digrjstive products should then be* seitrc“hefl for ; lilt? 
early products of digestion (alkali inetu protetn, deiitero-protf'ose, etc*,) 
will bec'ome less abundant with the length of tittle* flint digestion hiis 
been allowed to progress, and the later products (peptone, Ictic'ine, 
tyrosine, tryptophane, etc.) will bec-oiiie more abuiitlanu 

(a) Tryptophane, .-Add a few drops of brcatiini* water; ii violet 

colour is produced. Add 2 or 3 c.c. of amyl alctihol, and sliiike. The 

alcohol rises on .standing and contains the pigment in solution, 

(b) Leucine and lyrosme, ^ i. Isxamine itii(*rc«copic*al specimens 

of these. The deposit generally found in rather old speriniens of 

Bengerks liquor pancT<*ati(iis will bet a c-oriviaiient sourc*e of these 
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ii. To some of the pancreatic digest add acetic acid and Millon^s 
reagent and filter off the precipitated protein. Boil the filtrate, and 
the presence of tyrosine is indicated by a red colour. If tyrosine is 
abundant the red colour appears without boiling. I.eucine does not 
give this test. 

iii. Faintly acidify another portion of the filtered digest with acetic 
acid, and boil; if any protein matter is still undigested it will be thus 
coagulated and can be filtered off. Reduce the filtrate to a small bulk 
until it begins to become syrupy. I.eave overnight in a cool place, 
and cry.stals mainly of tyrosine will separate out. Filter these off 
through fine muslin, and evaporate down the filtrate to the consistency 
of a thick syrup ; leave this overnight again, and a second crop of 
crystals, forming a scum on the surface and consisting mainly of 
leucine, will have*, separated out. 

iv. M(?rner\^ Test for Tyrosine, following reagent is used 

1 c.c. formalin, 45 c.c. distilled water, 55 c.c. concentrated sulphuric 
acid. If a portion of this solution is boiled with a little tyrosine (in 
the solid form or in solution), an emerald-green colour appears. This 
test often fails in the presence of organic impurities. 

11. In a digest in which putrefaction has occurred, test for indole 
as follows -Add a little sulphuric acid and a few drops of a dilute 
solution of sodium nitrite; a bright red colour is produced (Cholera- 
red reaction). 

12. Zymogen Granules.—Examine microscopically, mounting in 
aqueous humor or serum (or in glycerol after treatment with osmic 
acid vapour), small pieces of the pancreas, parotid, and submaxillary 
glands in a normal guinea-pig,^ and also in one in which profuse 
secTetion had been produced by the administration of pilocarpine. 

Note that zymogen granules are abundant in the former, and 
scarce in the* latter, being situated chiefly at the free border of the cells. 


LESSON XIX 
THE BLOOD 

1. Effect of Decalcifying Agents in hindering Coagulation. 

From an anaesthetised dog collect samples of blood from the carotid 

* Tlse guinea-pig® ihruiki lx* killed by bleeding, and the blond collecletl and 
defibrinaled, and utilised for the preparation of oxyhiemoglobin crystals. This 
will give .Students an op|K>rtunity of seeing the eKcepti<^nal form (tetrabedra) in 
which the blood pigment of this animal crystallises. 

The three methods of obtaining crystals described on p. 145 all give good results. 
If amybnitrite is used instea<i of ether in the third method, crystals of methoemo- 
glohin are obtaine<i. 
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artery, into which a suitahk* cannula should have been fnc‘viousIy 
inserted. 

(a) Collect the first sample in an ecpial volume of 0'4 per i*ent. 
solution of potassium oxalate made with physiohjgical salt solution. 

(^) (nllcct the second sample in a tenth of its voIuiih* oI a ‘I per 
c(int. solution of sodium nuorki(‘. 

(^) Collect the third sample in a <|uarter of its volume of 10 per c*ent. 
solution of sodium citrate?. 

In all three cases mix thoroughly, and <‘oagulation is himh'red owing 
to dccalcification, as (‘xplaincd on p. i*h). 

The separation of the plasma fn)m the corpUM'le.s may he most 
readily carried out hy a (*<‘ntrifugal ma(*hine ; the c^orpiisc les settle 
and the supernatant [)lasnui (‘an lx* tluui pipetted off. Sediiiicaitafio?! 
is specially rapid in the rase of citrate hioexi, and a well marked layer 
of colourless corpu.sci(?s and platci(‘ts may usually he seen on tlx* too 
of the mass of red (‘orpuscles. 

Oxalate plasma and citrate plasma eoagulati* on the resforafion 
of the calcium hy adding a few drops c)f calcium chloride solution, 
as we have already secsi in the cienx-ntary c'cnirse (p. h15|. Fhiorkie 
plasma does not coagulate unle‘.«s “ fibrin ferment (or some fluid smii 
as serum which contains “ fdain-fermeiit ihromhin) is added as wcil 
as the calcium salt. Fluoride* plasma thus forms a roiivcauenf test fluid 
for “ fi])rin-ferm(*Tit,” 

If in either case the plasma is previciinly laaited to Pith i\ and 
filtered, coagulation- that is Uj say, fibrin formation can nevi*r lx* 
produced, because its mothcT substanc'c, filirinccgen, which is coagulated 
hy heat at 56® (k, has b(‘C‘n coagulated and removed. 

2. Influence of Leech Extract on Cioagulation, 'Flic smw 
dog still under the aruestlietic* may he next used for the following 
experiments : 

(a) Draw off a sample of Idood into a ciean Ic*.st4ubc% and note* tlic* 
time it takes to clot. 

(<^) Draw off a second sample* into about half its volume of irech 
(‘xtract made hy grinding up the heads cjf about twenty leiTheH in 
20 c.c. of salt solution, and filtering, d'his remains iinclotted for lioiirs 
or days. 

(4 Inject 10 c.c. of the extract into the jugular vt*in of the itniiiial, 
and draw off samples of lilood from time* to time, cmtifiaring the 
c'oagulation time (whkdi gradually lengthc‘ns) witli that of u spetdmen n. 

(d) Having obtained a sfjecamen whicii does not c*lot at all, dilute 

it with salt solution and pass a strc*am eff ciirhon dioxide* ihrcnigh it. 
(dotting is not produced as it is in peptone ” likxxi (see Z p. 243). 
In order to produce clotting, (‘x<*ess of or some fiuid containing 

thrombin, must be added. 

(e) The experiments desf*ribed under d may be ri‘f)c*atecl with Ieec*h 
extract plasma, obtained from the? blood by cf*ntrifugalihirig. 
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(/) Instead of leech extract, a solution of its active prin('ij)le 
(hirudin) may be used. This produces little or no fall of blood pressure, 
and so (‘onlrasts with what oc'curs in “ peptone injection. Leech 
extract produces a very small fall of arterial pressune 

3. Influence of Commercial Peptones (Proteoses) on Coagulation.— 
Ida the pur})os(‘ of th(‘ following (‘xpc^imc'nts another dog must be 
(‘inf)loye(L 

The* animal having been anmsthcaised a eannula is plac'cxi in the 
extcTiial jugular v(*in for thet inj(‘(lion of the* “ peptone.” 

Th(‘ carotid artery is cx^nnected to a mcTc'urial manomctcT for the 
registration of arterial pr<‘ssure. 

Another eonvcmicait artcTy must het exposed and a c'annula ins(‘rt(‘d 
into it for c'oll(‘(tion of samples of blood. 

(d) Jurst draw off a sa.m[d(‘ of I)]ood and note its c'oagulation time. 

(/;) Draw a scxxaKl .sampler into a strong solution of (X)mmereial 

pc‘ptone. The c'oagulation time is longer than in a, 

(e) Draw off a small sample and make a blood film, staining it with 
methylene l)liie ; count the c'olourless c'orpuscles. 

(d) Then inject the pc?fitonci ciuickly, so that the animal rcfc'eives 
h'3 gramme; pc*r kilo of body-weight. Note during and for some time 
aftcT thc‘ injection a gretat fall in arterial blood pressure. This has 
hc’cxi shown by the onc’onuter to he; due tf) vascular dilatation. 

(e) Aftc*r the injection draw off successive samples, and note; thc‘ 
great predongation of the coagulation time; whicti is soon produc'cd. 

(/) Make a stained blood film from one sample; as before, and 
note the* great scxindty of colourless corpuscles. 

(j^) I)ilute some* of the* blood which does not dot with twic‘(‘ its 
vedume of salt .sfdution, and pass a stream of carbonic acid through 
the mixture*; coagulation soon occurs. 

(//) The; sainc; cxpc.‘rimc;nt may he repeated with the same result, 
if “ peptone plasma cd>tain(*cl by centrifugalising is used instead of 
the* whole blood, 

(/) Finally bleed the animal to death, collcc*ting the blood in three 
successive glass (cylinders. Placx; them in the ice c'hest, and examine 
them II few days later. 

'Fhe first lot of blood c'ollecled will show .sedimentation of c(;rpusdes, 
and a slight clc?l at the junclion eff the (‘orpusdes and supernatant 
plasma tliat is, at the placx* where the white corpuscles and platelets lie. 

The* last lc>t c>f blood c‘olleeted shows less sedimentation, and will 
proba!>ly have* edottexi throughout. This is bc;cause the blood removed 
last has fieen diluted by tissue lymph, which has passed into the 
blood “Stream in an attempt to incTease the volume of the blood, whkh 
has been lessened by the previous bleeding. 

'Fhe middle sample will show something intermediate between 
the two extremes, the usual state of things l)eing (dot through the 
sediment, and the plasma above it still fluicL 
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4. Intravascular Coagulation.- A solution of mirk‘o protein from 
the thymus, testis, lymphatic glands, or kidney has l)fen prepared 
beforehand hy the demonstrator. It may l)e prepared in one of two 
ways. 

(a) Wooldridge*s Method, I'he gland is (ut up Hirial! and {*xlnirted 
with water for twenty-four hours. Weak acrtic acid (0*5 (\c:. of thf‘ 
acetic acid of the “ Pharma(X)pceia ” diluted with twic*(‘ its volume of 
water for every 100 c.c. of extract) is tluai addt'd in the (!t*ranted li<|uid. 
After some hours the precipitated mu:k*o-p^^^h’in (c*alle«l tissut** 
fibrinogen by Wooldridge) falls to tlie hottoiri ()f the ve‘sseL 'Iliis is 
collected and dissolved in 1 per cent, sodium (’arlK)natc* solution, 

(h) The Sodium Chloride Method. The* fine*!)' dividec! gland is 
ground up in a mortar with about an e(|ual (fuantity of .sfdid sodium 
chloride and a small quantity of water. 'FIk’ resulting visc^otis mass 
is poured into excess of distilled water. 'Flic luu^leo-protein ris(*s to the 
surface of the water, where it may b(* eollec’led and dissolvci! as hidbre. 

A rabbit is amesthetised, and a cannula inserted into the external 
jugular vein. The solution is inje<l<*d into the* rin*ulation through 
this. The animal soon dies from eisssation of rcspiriilion ; the c^yelMdls 
protrude, and th(i pupils an* widely dilatc*{L (In opening the animal 
the heart will be found still l)eating, and its cavities (cfspecdally on the 
right side) distendc*d with (‘lotted blood, dim vc»ssels, espec'iidly tlie 
veins, are also full of clot. 11m* blood of tiie portal vein is usually 
clotted most. If a dog is employc'd instcuid of a rabbit in this experi 
raent, coagulation is usually confined to the portal iireii. This is 
related to the grcxiter vc*nosity of the* blood in this situation. If venosily 
is increased in any other area, ns hy tetanising the miisdes of one 
leg, clotting will hci found also in the veins of this rr‘gl(ai. Whether 
nudeo-protein or some other substance mixed with it is respcaisible 
for the effect is still uncertain (see pp. I3B-139). 

5. Estimation of Glucose in Blood and in Semm. XumerouN 

methods have been devised for the estimation of sugar in blaocF 
Those of Michaelis and Rona and of Fk^rtrand are .satisfiictory. lliey 
require, however, a minimum of 25 r.(*. of Idr^od or serum for iiiiidysis. 
I’o obviate this difficulty and to fudlitati* (*ontinurnis observutions 
on the same person at frec|uent intc^rvals, soo*alled rriic*rcMnelhods hii\'e 
beem introduced, of which the following may lie mentifrtied : (n) Lewis 

and Bencxiict; {h) FoHn and Wu; (e) MacI.ean. llie two former an* 
coIorimetri(! anci depend {d) on the formation of pirniiiik* acid when 
glucose is heated with picric add; (//) on the reduction of cupric* salts 
to cup>rous by the glucose; a pho.sf)Fiorrtolyl,Klie add reag(*iit is th(*n 
addeci to dissolve the cuprous oxiclc! and is ihereliy rcxkired wullt 
the formation of a f)Iue colour. Fn both rnethock the colour is compared 
in a (tolorimeter with that given hy a standard glurosi! soliilbn similarly 
treated. I'he method worked out by MacLean is volumetric and is 
described here 
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Principle of the Method. —Proteins are separated and the blood 
heated with an alkaline copper solution containing potassium iodide 
and iodate. Cuprous oxide is formed. Hydrochloric acid is then 
added ; this interacts with the iodide and iodate and liberates iodine 
equivalent to the latter. Cuprous chloride is also formed which 
reacts with the iodine. The amount of iodine remaining in solution 
is then determined by titration with sodium thiosulphate. The 
difference between this figure and that obtained from a control with 
the reagents only enables the amount of sugar to be calculated from 
tables. 

.Solutions required. —(1) Acid sodium sulphate: 150 grammes 
Na 2 S 04 , glacial acetic acid 3 c.c., distilled water 1 litre. 

(2) Alkaline copper iodide solution : 

Potassium bicarbonate . . . 20*0 grammes 

,, carbonate . . . . 15*0 „ 

,, iodate . . . . OTl „ 

„ iodide .... 1*0 „ 

Copper sulphate (cryst.) , . . 0*7 „ 

Water.100*0 c.c. 

This is prepared by dissolving the bicarbonate with the aid of gentle 
heat (not above 37®) in 60 c.c. of water, then adding the carbonate 
and, before the latter has completely dissolved, the copper sulphate 
previously dissolved in a few c.c. of water. Solution is effected by 
heat. The iodide and the iodate are then added and the whole made 
up to 100 c.c. with distilled water. After filtering, the solution is ready 
for use. 

(3) Dialysed iron. 

(4) N/10 sodium thiosulphate. 

Dissolve 26 grammes sodium thiosulphate in 1000 c.c. C02-free 
water. This is standardised thus:—Place 20 c.c. N/10 potassium 
bichromate, 10 c.c. of 10 per cent, potassium iodide, and 5 c.c. con¬ 
centrated hydrochloric acid in a flask. On shaking slightly 0*254 
gramme of iodine is liberated. The thiosulphate is then run in from a 
burette till the brown colour almost disappears ; add 1 or 2 drops of 1 
per cent, starch as indicator and complete the titration. The end point 
is a bright green colour. Suppose 18*7 c.c. to be required. All iodide 
contains traces of iodate, therefore a blank with 10 c.c. 10 per cent, 
iodide and 5 c.c. acid must be carried out. Suppose 0*2 c.c. sodium 
thiosulphate to be required. The actual amount of thiosulphate 
combining with the iodine liberated by the bichromate is 18*7-0*2, 
i.e. 18*5 c.c. To obtain N/10 sodium thiosulphate, therefore, make 
18*5 c.c. up to 20, or 925 up to 1000 with boiled out water. From 
this N/10 solution N/lOO can be prepared by placing 10 c.c. in a flask 
and making up to 100 with water. 

(5) One per cent, starch solution. This should be freshly prepared 
each day. 
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(6) 'Twenty pti' hydrochloric arid by voluitu*. I )ilntc 2n c\r. 

conc‘entrat(‘(l a<‘id lo 100 with water. 

.■hia/vsh'. 26 c.c. sodium sulphate solution are iHca>me<i into a 
small conical flask fitted with a rublnT stopper throiigii whic*fi paNsc‘s 
a glass tube drawn out to a capillary. I ca*. of blood i.% aclded from a 
pipette^ graduated to contain this amount; the pipette is washed out 
with the sulphate solution in the* flask. 'The stopper is rep!a<*ed and 
the whole heated h) hoiling-paini. Wlam this point is rea< ht*c! the 
stopper is removed and 5 dialysed ircai are addeni vvitli shaking. 
The flask is cooled under the tap and filtcatsl through a tt cm. standn 
free paper (MacLean rec'oitimends Whatman X<>. I). 20 i‘j\ of the 

clear filtrate is plac'cd in anotlua small flask and c.c. of tlie alkaline* 
copper solution add(‘d. 'The sr)lution is lK>iled for .^ix: miniiies after 
boiling commences. It is in the highest degree essential that the 
flame be adjusted to bring the* volume of Iic|uid to boiling-point in one 
minute forty seconds exactly. 'The flame! should fee pn/vioiisly regulateeh 
and for satisfactory work seane manometer arrangenic*nl should be 
fitted up to ensure that the! jiressure* does not var}’. After boiling, the 
flask is cooled under the tap and lb r.e. 20 per e'eiit. hydrochloric add 
added with gentle agitation till all evolution e^f (dX eeases. Shake 
for one minute. N/IfK) thiosulphate is them addeal till the yellow 4*eibur 
disappears; 2 drops of the stardi are added and the titration is cxiiiiplc^tcd. 

Calculatton of ihe Remit. Suppose the* filtrate m dehcribed 
required 6*69 c.c. thio.sulphate, and *1 c.v. of the «*f#pper .solution alone 
rcciuircs 8*85, tlu! difTerenc’e*, 2*16 is clue to the iodim* reading 
with the cufiroiLs (.‘hloride formed. Trom the* tabli* given it is seen that 
2*16 c.c. N/I0() thiosulphate! is ecjuivalent lo b*6 mg. gliif*osc*, and as 
the amount taken for estimation is c»f I vj\ of blood it is <4i*ar that 
1 (’.<!. of blood (‘ontains 0*9 mg. gliK*o.se, or that the pcTcxtitagi* is 11*119. 

I'he method has been moclifiecl to permit {|iiantiiie.s cjf !,iIockI as small 
as 0*2 c.c. to he employed with the utmost precisiorn 
7aS/e (for estimation of glucose in I blood) >• 
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^ This pi{)eUe can l>e oTtidiied freni Ihtwkslry A 357 dxff?r«i Hcrcel, 

London. 
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llvi-diffiisio^K A vrry <*()nsi(ii‘ral)le advaiK'c in tc('iini(|LU‘ is duo 
to A!)t‘l and his collaborators for d(‘visin^^ the “ vivi-diffusion method ” 
for examining the eotnposition of })lood. The mcdhod consists in 
c'ausing the i)lood to flow from oik* end of a (ait artery through a series 
of collodion tu!)c*s and hiu'k tcj the living aniesthetised animal. The 
apparatus is immersed in physiologiixil salt solution and acts as a 
dialysing mc‘m!)rane. All diffusible sul)stan(*es pass through and 
can he separated from the dialysatc;. The original form of the 
apparatus re(iuired an antic'oagulant to be added to the blood to 
prevent coagulation ; the more modern forms, owing to their (‘onstruc*- 
tion and by maintaining pulsations in the blood-stream, may bc^ used 
with more normal blood. By employing this methocl glu(‘(jse was 
shown proliably to be frcx* in the plasma and not to be in some colloidal 
complex, while* indi(’alions were obtained that protein decomposition 
products, e.g. free amino-ac'ids, existed in the blood. Their isolation 
from blood in crystalline form has only been recently accomplished. 
Very considerable quantities of blood were required. 


LESSON XX 

IbEMODLOBIN AND ITS DERIVATIVES 

f)(*fil)rinat(‘d ox-l>Ioo(l suitalily diluted may be used in the following 
(‘xperimenls as in those descrilxxl in Lesson IX. 

1. Place SOUK* in a vessel with flat sides in front of the large spectro- 
seope. Note* the position of the two characteristic liands of 
oxyhaBmoglobiE ; th(‘se are replaced by the single band of reduced 
bssmogloibm after redudion (see p. 135). By means of a small 
rectangular prism a comparison spectrum showing the bright sodium 
line (in the position of the dark line named I) in the solar spectrum) 
may he obtairaxi, and focused with the absorption spectrum. 

2. Obtain similar (comparison spectra liy the use of the micro- 
spectroscope. For this purpose a (X‘ll containing a small (juantity 
of oxyhiemoglobin solution may be placed on the microscope stage, 
and a test-tube cxjntaining carbonic oxide btsemoglobm in front of 
the .slit in the side of the instrument. Notice that the two bands of 
i’arbonic oxide hx^moglobin are very like those of oxyhtemoglobin, 
but are a little nearer to the violet end of the spe(!trum (fig. 48, 
spec’trum 4), 

Larbonic oxide hiemoglr^bin may he readily prepared by passing 
a stream of c*oal gas through the diluted blooci. It has a cherry-recl 
colour, and is not reduced by the addition of reducing agents. 

3. Metbsemoglobin.' Add a few drcjps of fbrricyanide of potas- 
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slum to dilute blood) and warm gently. I'he or dour changes to 
mahogany-brown. Place the te.st4ui>e in front of small direct 
vision spectroscope. Note the characteristic* band in the red (fig, 4H^ 
spectrum 5). On dilution, other bands appear (fig. 4H, speciruin b). 
Treat with ammonium sulphide, and the band of ha*nK#glcdjin appears. 

4. Acid Oxy]iSBinatin.~(ci) Prepare the following mixture : 
150 c.c. of 90 per cent, alcohol and b c‘.c. of ctaKaaitrated .sulphuric- 
acid j take about 6 c.c. of this mixture and hoi! it in a test-tube. 
While still hot, drof) into it a few drops of undiluted <icdibrinatc*d fdcKKi, 
and filter. Note the brown cedour of thc! filtrate. Compare the* 
position of the absorption f)and in the rvd with that cd' metha’iiioglobin ; 
that of acid oxyha^matin is further from the I) lim* (fig. 4H, specirtiiii 7). 

(3) Add some glacial acetic acid to undiluted (lefibrinafed filooci 
hvxtract this with ether by gently agitating it with that fluid. Hie 
ethereal extract should be then poun*d cdT and c•xa^ni^rf! spedro- 
scopically. The band in the red is seen, and on further diluting with 
ether, three additional bands appear. 

5. AJUkaline Oxyhasmatin. - *Add to diluted IdiKici a Miiall 
(luantity of strong caustic: potash, and ladl. llie rcdoiir cliaiiges lu 
brown, and with the spectroscope; a faint shading on ilie left side of 
the D line is seen (fig. 48, spectrum 8). 

(d) The band is muc'h liettcu* seen in an alcoholic solution. Prepare 

the following mixture:- Ifib va \ of 90 per cvnt. ah'i^hol, and IH c.c. 

of 50 per cent, potash, lake about 5 c'.c*. c»f this mix!lire in a test- 
tube and boil it. While still hot, drop into it a few drops of iinililiited 
defibrinated blood. I'he fliiicl .shows the speciruin of alkiiliiie 
oxyhiematin. This may then be used for the ni*Kl exjieriiiieiit 

6. Eeduced Hsematind -Acid a reducahig agent to llie .solution of 
alkaline oxylnematin ; the colcjur cdianges to red, iirid two liiitMis are 
seen, one between I) and and the other iieiirly rriinriding with K 
and 3 (fig. 48, spectrum 9). Hie spedruiii of alkaline oxyliieiiMititi 
reappears after a short time* after vigorous shaking with nir. 

7. Haematoporpliyrm. l‘o some* strong siilpliiirh' iicicl iii a test- 
tube add a few drops of undiluted IdcKicl, and observe the specirtiiii 
of aeid hiematoporphyrin (iron-frc'e haamitin) (fig. 18, spectriiiii iti). 

Milroy has recently descTibed a stiuiricuis c-oiii|iotiiifI of Iki*iiii.iIo* 
porphyrin which may Ik.* prepiir<‘(! as follow^s : To liiiit' a lesMiibr of 
glacial acetic acid (5 c-.c.) acid I drop of IiIckkI and heat to iMiilirig. 
Add a small amount of stannous ehioride, ii trace! of fiiit* griitiiikitecl 
xinc, and 1 drop of c.tmcTntrated hydrocdiloric arid. Iloil for liiilf a 
minute and add cTystallinc sodium aertate ; lioil once more and filler. 
On spectroscopic examination two bands are seen wliidi ri^siirifjlc 
those of oxyhsemoglobin. Milroy has applied this tvmtum to the 
identification of blood in urine and in hcces, iiikI fraitid it mm tiiore 


^ Called luisaochromogen hy I Ifippc-Heylcr; this naiiir 1^ it iidskitfiiiig liiie. 
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Fi(,. 48.-1, Solar spectrum. 2, Spectrum of oxybaemoglobin (0*37 p.c. solution). First band, 
\ 589-564 ; second band. \ 555-617. 3, Spectrum of reduced haamoglobin. Band, \ 697-635. 4, Spec¬ 
trum of CO-b<einoglobin. First band, x 583-664; .second band, \ 647-521. 5, Spectrum of 
methsemoglobin (concentrated solution). 6, Spectrum of methjemoglobin (dilute .solution). 
First band, \ 647-622; second band, X 5S7-571; third band, X 662-532; fourth band, 
X 614-490. 7, Spectrum of acid oxyhaematin (ethereal solution). First band, X 666-616 ; 

second band, X 697-677; third band, X 657-629; fourth band, X 617-488. 8, Spectrum of 

alkaline oxyhaematin. Band from X 630-681. 9, Spectrum of reduced hjeinatin. 

First band, X 669-642; second band, X 636-634. 10, Spectrum of acid haimatoporphyrin. 

Fir.st band, X 607-693; second band, X 685-536. 11, Spectrum of alkaline hasmatoporphyrin. 
First band, X 633-612; second band, X 589-664 ; third band, X 649-529; fourth band, x 618-488. 
The above mea.surements (after MacMunn) are in millionths of a millimetre. The liquid was 
examined in a layer 1 centimetre thick. The edges of ill-defined bands vary a great deal with 
the concentration of the solutions. 





IMethaemoglobin Oxyhaemoglobin HbO Hb Solar spectr 
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delicate than the test of obtaining reduced alkaline haniati 
examining spectroscopically. 

Map out all the spectra you see on a chart. 



Fig. 49.—The photographic spectrum of reduced haemoglobin and oxyhaBinog!t>bifi. CC 


G HK LM N O 



Fig. 60.—-The photographic spectrum of oxyhaemoglobin and methsemogjribln. 


8. The Photographic Spectrum.^—Haemoglobin and itin. < oi 
also show absorption bands in the ultra-violet portion 
spectrum. This portion of the spectrum is not visible to tile 
can be rendered visible by allowing the spectrum to fall on a fli 
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screen, or on a sensitive photographic plate. In order to show absorp¬ 
tion bands in this part of the spectrum, very dilute solutions of the 
pigment must be used. 

In order to demonstrate these bands, the telescope of a large 
spectroscope is removed, and a beam of sunlight or of light from the 
positive pole of an arc lamp is allowed to fall on the slit of the collimator. 
The spectrum is focused on a fluorescent screen.^ The slit is then 
opened very widely, and the coloured solution is interposed on the 
path of the beam falling on the slit. 

Oxyhaemoglobin shows a band (Soret’s band) between the lines 
G and H. In reduced haemoglobin, carbonic oxide haemoglobin, 
and nitric oxide haemoglobin, this band is rather nearer G. Methaemo- 
globin and haematoporphyrin show similar bands. 

The two preceding figures show the “ photographic spectra ” of 
reduced haemoglobin, oxyhaemoglobin, and methaemoglobin, and 
will serve as examples of the results obtained. I am greatly indebted 
to the late Professor Gamgee, to whom we owe most of our knowledge 
on this subject, for permission to reproduce these two specimens of his 
numerous photographs. 

9. Preparation of Pure Oxyhaemoglobin.—The following method 
has been recently devised by Dudley and Evans for preparing oxy¬ 
haemoglobin from horse blood : Defibrinated blood is centrifuged 
and the corpuscles washed with isotonic sodium chloride till the wash¬ 
ings no longer give a turbidity when boiled. The corpuscles are then 
transferred to collodion tubes and dialysed under the pressure of a 
column of mercury, first against running tap water for three days, 
finally against distilled water for two days. The corpuscles are thus 
laked, the haemoglobin becomes partly reduced, and the solution 
ac'quires a deep purple colour. The stromata are removed by means 
of the centrifuge, and oxygen is bubbled through the supernatant 
licpiid until crystallisation of the oxyhaemoglobin commences. This 
occurs as a rule suddenly after about twenty minutes. The pasty mass 
obtained is separated by centrifuging when the crystalline oxyhaemo¬ 
globin settles to the bottom as a scarlet paste. It may be recrystallised 
thus : The material is suspended in about 2-3 volumes of water and 
warmed to 37° in a water-bath. The containing flask is evacuated, 
oxygen is pumped off, and the oxyhaemoglobin reduced to haemoglobin ; 
the latter being more soluble in water than the former goes into solution. 
The solution is then cooled and reoxygenated when the oxy compound 
once more crystallises out. This process may be repeated as often 
as required. 

^ Fluorescent screens, similar to those in common use in observations made 
with Rontgen rays, may be made by coaling white cardboard with barium platino- 
cyanide. 
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LESSON XXI 

MUSCLE AND NERVOUS TISSUES 

1. Hopkins’s Lactic Acid Test (see p. 238) may be applied as 
follows. Remove one hind limb of a pithed frog. Stimulate the sacral 
plexus of the other side for ten minutes with a strong Faradic current. 
Then amputate the other hind limb. Skin both legs, and chop up 
the muscles of the two sides separately. Pound each in a mortar with 
clean sand and then with 15 c.c. of 95 per cent, alcohol. Transfer the 
mixture to a beaker, and warm in the water-bath for a few minutes. 
Filter, and evaporate the filtrate to dryness in a water-bath. Extract 
the residue with about 5 c.c. of cold water, rubbing it up thoroughly 
with a glass rod. Filter and boil the filtrate in a test-tube for about 
a minute with as much animal charcoal as will lie on a threepenny piece. 
Filter again and evaporate the filtrate to dryness in a water-bath. 
Allow the residue to cool, and dissolve it by shaking in 5 c.c. of con¬ 
centrated sulphuric acid. Transfer this to a dry test-tube ; add 
3 drops of saturated solution of copper sulphate, and place the tube 
in boiling water for five minutes. Cool and add 2 drops of 0*2 per cent, 
solution of thiophene in alcohol; replace the tube in the boiling water. 
A cherry-red colour develops in the tube containing the extract from 
tetanised muscle, but not in the other. 

2. A rabbit has been killed and its muscles washed free from blood 
by a stream of salt solution injected through the aorta. The musc'les 
have been quickly removed, chopped up small, and extracted with 
5 per cent, solution of magnesium sulphate. This extract is given out. 
It will probably be faintly acid. The acid is sarcolactic acid. It 
may be identified by Uffelmann’s or Hopkins’s reaction (p. 238). 

3. The coagulation of muscle somewhat resembles that of blood. 
This may be shown with the salted muscle plasma (the extract given 
out) as follows : Dilute some of it with four times its volume of water ; 
divide it into two parts ; keep one at 40° C. and the other at the 
ordinary temperature. Coagulation—that is, formation of a clot of 
myosin—-'occurs in both, but earliest in that at 40° C. 

4. Remove the clot of myosin from 3 ; observe it is soluble in 
10 per cent, sodium chloride, and also in 0*2 per cent, hydrochloric 
acid, forming acid metaprotein. 

5. Make an extract of muscle in the same way, using a small 
quantity of physiological salt solution instead of the strong solution 
of magnesium sulphate employed in the foregoing experiments. Such 
an extract contains the two principal proteins, viz., paramyosinogen 
and myosinogen, the two precursors of the muscle-clot or myosin. 
Small quantities of other proteins also present are mainly due to 
unavoidable mixture ^vith small amounts of blood and lymph. 
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ese two proteins differ in temperature of heat coagulation, 
the extract and heat it in a test-tube within a water-bath; at 
paramyosinogen is coagulated; filter this off, and heat the 
' ; at 56^^ C. flocculi of the coagulated myosinogen separate out. 
Paramyosinogen is precipitable by dialysis, and is a true 
in.. Myosinogen is what is called an atypical globulin, and 
ponds to the pseudo-globulin of blood serum and egg-white, 
^h readily salted out of solution like paramyosinogen it is not 
ita.ble by dialysis. 

Iri the process of clotting, such as occurs in rigor-moriis^ para- 
aogen is directly converted into myosin; whereas myosinogen 
>asses into a soluble modification (coagulable by heat at the 
ka.bly low temperature of 40° C.) before myosin is formed, 
.s shown in a diagrammatic way in the following scheme :— 


Proteins of the living muscle 



Paramyosinogen Myosinogen 



(the protein of the muscle-clot). 


When a muscle is gradually heated, at a certain temperature 
itracts permanently and loses its irritability. This phenomenon 
own as heat-rigorj and is due to the coagulation of the proteins 
^ muscle. If a tracing is taken of the shortening, it is found that 
irst shortening occurs at the coagulation temperature of para- 
inogen (47-50° C.), and if the heating is continued a second 
ening occurs at 56° C., the coagulation temperature of myosin- 
If frog’s muscles are used there are three shortenings—namely, 
47°, and 56° C. ; frog’s muscle thus contains an additional 
in which coagulates at 40° C. This additional protein may be 
oluble myosin alluded to above, some of which, in the muscle 
)lci-blooded animals, is present before rigor-mortis occurs ; at 
•ate, it has the same coagulation temperature. 

1 addition to the proteins mentioned, there is a small quantity 
icleo-protein. 

. Involuntary Muscle.— The main facts just described for 
itary are true also for involuntary muscle. The chief distinction 
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lies in the quantity of nucleo protein, whicii is mea’e ahinielaiit in thuM* 
forms of museies the lihres of wlhcii are kfast elifTc*re‘iit_ fniiii flic* 
nicsoblastic cells from which all ultimately originate. 'Fhis may hv 
readily shown by the following simple experiment. 

lake eciual parts of voluntary niuscic% hc‘art inuscie*, ami plain 
muscle (say from the stomach wall), and extract each for the same 
time with ecptal amounts of 0*15 per c‘ent. solution of sodium carbonati*. 
Filter and add to each filtrate acetic: acid, drop by drop. I'hc: extrad 
of voluntary musrle gives an opalescence only; in the c*ase of Uie 
plain muscle there is an abundant precipitate ; the heart muscle* gives 
a result intermediate between the othc*r two. 



Flu, r>I. 1, Al,«jj}itii»ri i|»ertrum of sijyohiMu.iiitj, as *irpii in iim**.! I*r rrfi4rip*l sii 

1/y glyccTul. *i, «»|«rirf»n uf 

10. Pigments of Muscle: — 

(a) Notice* the differenc'c bdweem tlic red and pale* iiiii.scleh of a 
rabbit from which all the blood has bc*c*n washed cait prf‘vioii?*^!y, 

(d) Examine a piec^e of r(‘d rnuscie the cliaphragfii) spcelro' 
seopically for oxyhiemoglobin (or it may be more convenient to iniikc 
an aqueous extract of the muscle and f*xafriinc* that), 

(c) A piec'c of the fiedoral rniwcie of a pigc‘on has been Miaked 
in glycerol. Press a small pieext fH:tw(*en two glass sHcIes, iind plmv 
it in front of the spectrosc*ope. Oliserve and map nut t!i«* liiiiicis of 
myobtematin. T'his pigment is doulaless a derivative of hautioglobiiL 

(d) Pieces of the same: muscles have* liem placed in ether fc»r 
twenty-four hours. Thu ethc*r dissolves out ii yellow liporhrfarie 
from the adherent fat. A watery fluid fielow cviritiiiiis iiiodifieci 
myoluematin. Filt<*r it; compare its spectrum with that of recliired 
hamiatin. The myolrccrnatm bands are rather nc'arer tin* violet end 
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of the spectrum (fig. 51, spectrum 2) than those of reduced hsematin 
(fig. 48, spectrum 9). 

11. Creatine:— 

(a) Take some of the red fluid described in 10 and let it evaporate 
to dryness in a desiccator over sulphuric acid. 

In a day or two, crystals of creatine tinged with myohaematin 
separate out. 

(^) Take an aqueous extract of muscle, such as Liebig’s extract 
or beef-tea; add baryta water to precipitate the phosphates, and 
filter. Remove excess of baryta by a stream of carbonic acid ; filter 
off the barium carbonate and evaporate the filtrate on the water-bath 
to a thick syrup. Set it aside to cool, and in a few days a crystalline 
deposit of creatine will be found at the bottom of the vessel. This is 
washed with alcohol and dissolved in hot water. On concentrating 
the aqueous solution, crystals once more separate out, which may be 
still further purified by recrystallisation. 


NERVOUS TISSUES 

The chemical investigation of nervous tissues is not well adapted 
to class exercises ; still it may not be uninteresting to state briefly 
the principal known facts in relation to this subject. The most 
important points which any table of analyses will show are : (1) the 
large' percentage of water, especially in the grey matter; (2) the 
large percentage of protein. In grey matter, where the cells are 
prominent structures, this is most marked, and of the solids, protein 
material here comprises about half of the total. The following are 
some analyses which give the mean of a number of observations on 
the nervous tissues of human beings, monkeys, dogs, and cats :— 


I Percentage of 

Water. I Solids. Proteins in 

Solids. 


j Cerebral grey matter . . . 83*5 16‘5 ^ 51 

„ white „ , . . ()9*9 30*1 33 

Cerebellum . - . . 79*8 20'2 42 

Spinal cord as a whole . . 71*6 28'4 31 

Cervical cord .... 72*5 27*5 31 

Dorsal cord .... 69*8 30.2 28 

Lumbar cord .... 72*6 27*4 33 

Sciatic nerves . . . . 65*1 | 34*0 29 


The most important protein is nucleo-proUzn ; there is also a 
certain amount of globulin^ which, like the paramyosinogen of muscle. 
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is coagulated by heat at the low temperature of 47° C. A certain 
small amount of neurokeratin (especially abundant in white matter) 
is included in the foregoing table with the proteins. The granules 
in nerve cells (Nissl’s bodies) are nucleo-protein in nature. 

Heat Contraction in Nerve. —A nerve, when heated, shortens ; 
this shortening occurs in a series of steps, which, as in the case of 
muscle, take place at the coagulation temperatures of the proteins 
present. The first step in the shortening occurs in the frog at about 
40°, in the mammal at about 47°, and in the bird at about 52° C. 
The nerve is killed at the same temperatures. 

Lipoids. —After the proteins, the next most abundant substances 
present are the lipoids. A fuller consideration of these substances 
is given in Lesson IV (see pp. 36-40). They comprise ;— 

1. Phosphatides: of these, lecithin is the best known; kephalin 

and splngomyelin are others. 

2. Galactosides: these are nitrogenous glucosides free from 

phosphorus ; they yield on hydrolysis the reducing sugar 

galactose. 

3. Cholesterol: a crystalline monohydric alcohol free from both 

nitrogen and phosphorus. 

The following are some analyses of nerve by Falk ; the numbers 
given are percentages of the total solids :— 



Med III la ted 

Non-mediillated 


Nerve. 

■ Nerve. 

Cholesterol 

25-0 

47-0 

Lecithin 

2-9 

9-8 

Kephalin 

12*4 

23*7 

Galactosides . 

18-2 

6-0 


Fresh nervous tissues are alkaline, but, like most other living 
structures, they turn acid after death. The change is particularly 
rapid in grey matter. The acidity is due to sarcolactic acid. 

Finally, there are smaller quantities of other extractives and a 
small proportion of mineral salts (about 1 per cent, of the solids). 
Potassium salts, as in muscle, are stated to be the most abundant 
salts. Macallum uses for the micro-chemical detection of potassium 
the following reagent:—Cobalt nitrite 20 gr., sodium nitrite 35 gr., 
glacial acetic acid 10 c.c., water up to 100 c.c. This precipitates in 
situ the yellow hexanitrite of cobalt, sodium, and potassium, which 
is turned black on the addition of ammonium sulphide. His principal 
results are : Potassium is found in cell protoplasm, but more abundantly 
in intercellular material; in striped muscle it is limited to the dark 
bands, and in pancreatic cells to the granular zone. It is not dis¬ 
coverable in any nuclei, nor in nerve cells, but in nerve-fibres it is 
found in patches external to the axis cylinder. Macdonald points 
out that these are spots which have been injured, and it is apparently 






NERVOUS TISSUES 


257 


only on injury that the potassium is liberated in a form which renders 
it detectable by Macallum’s reagent. Macdonald attributes many 
of the phenomena of nervous action to electrolytic changes in the 
potassium salts of the nerve-fibres, and which are present in large 
amounts, possibly in combination with the colloid materials of the 
axon. 

Very little is known of the chemical changes nervous tissues 
undergo during activity. We know that oxygen is very essential, 
especially for the activity of grey matter; cerebral anaemia is rapidly 
followed by loss of consciousness and death. Similar respiratory 
exchanges, though less in amount, occur in peripheral nerves. It 
can hardly be doubted that the lipoids, and especially the phosphatides, 
which are extremely labile substances, participate in metabolism. 

Cerebro-spinal Fluid.—This is secreted by the epithelium which 
covers the choroid plexuses (choroid gland), and plays the part of the 
lymph of the central nervous system. It is a very watery fluid, contain¬ 
ing, besides some inorganic salts similar to those of the blood, a trace 
of protein matter (globulin) and a small amount of sugar. It contains 
no choline or cholesterol normally, and is practically free from cells, 
except in disease. 

Chemistry of Nerve Degeneration.—-In Wallerian degeneration 
of nerve several investigators have attempted to discover how the 
degenerated nerve differs from a healthy nerve. Little or no change 
in the peripheral end can be detected up to about three days after a 
nerve has been divided, and the nerve-fibres remain excitable up to 
that time. They then show a progressive increase in the quantity of 
water, and a corresponding decrease in the proportion of solids. The 
percentage of phosphorus also decreases, and it entirely disappears in 
a little more than three weeks after the nerve is cut. When regenera¬ 
tion occurs, the nerves return approximately to their previous 
composition. 

It has also been shown that in spinal cords in which a unilateral 
degeneration of the pyramidal tract has been produced by a lesion 
in the opposite cerebral hemisphere there is a similar increase of water 
and diminution of phosphorus on the degenerated side. Further, in 
a divided nerve Noll has shown that the phosphorised material also 
diminishes somewhat in the central end, due to “ disuse atrophy.” 

The disappearance of phosphorus must be due to the break-up 
of phosphatides, and the liberation of phosphoric acid which is carried 
away as phosphates by the lymph and blood. 

The staining reactions of a degenerated nerve also indicate that 
the appearances are not only due to a breakdown in an anatomical 
sense, but in a chemical sense also. Of these staining reactions the 
one most often employed is that which is associated with the name of 
Marchi. This is the black staining which the medullary sheaths of 
degenerated nerve-fibres show when, after being hardened in Miiller’^ 
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fluid, they are treated with Marchi^s reagent, a mixture of MlllIer^s 
fluid, ancl osmic acid. Healthy nerve-fibres are not !)Iackened by 
this reagent, because the more rapidly penetrating chromic acid of 
the Midler’s fluid has already supplied the unsaturated oleic^ add 
radical in the lecithin and other phosphatides with all the oxygen 
it can take up. But when the nerve is degenerated, the oleic add 
is either increased in amount, or so liberated from its previous comldna- 
tion in the lecithin molecule, that it is then able also to take oxygtai 
from osmic acid and reduce it to a lower black oxide. In the later 
stages of degeneration the Marchi reaction is not o!Gained, liatiuisi* 
the fat globules have been absorbed. 

In certain diseases of the central nervous system, suc-h as GcncTal 
Paralysis of the insane, degeneration occurs on a large scale, and the 
products of the chemical disintegration of the cerel.>ral tissue have 
been sought for in the blood but with more profitalile results in tiu* 
cerebro-spinal fluid. This fluid under these exmditions show^s an 
excess of protein which is mainly nucleo-protein ; cholesterol can uhn 
be usually detected in the fluid, and so also c'an cdioline or similar leases 
which originate from the decomposition of pliosphatidcs. Although 
many physiologists have taken up the choline c}U(*stion and the methods 
for identifying this base, it must be admitted that the tests hitherto 
devised are not absolutely conclusive, for sufficient of the laise emmit 
be collected for a complete analysis. The !>ase whi<-h is present if 
not choline is a nearly related siibslanc‘e, perhaps a dc»rivativf‘ of 
choline, and according to the latest view the f|uc‘Stionaldct material is 
trimethylamine, which we have already seen is a cleavagi* prochicf of 
choline. 

The tests employed to detect choline are mainly three: (I) 1lie 
fluid is diluted with about five times its volume of absc^ute iilci»hol 
and the precipitated proteins are filtered off. I1ie filtrate is evapcirated 
to dryness at 40® C., and the residue dis.solvcxl in absedute* alcohol iind 
Altered; the filtrate from this is again evaporated to dryness, and 
again dissolved in absolute alcohol, and this should l>e again repented. 
To the final alcoholic solution, an ak'oholic .solutifai of platinum 
chloride is added, and the precipitate so formed is allowed to settli* 
and is washed with absolute alcohol l>y decantation ; tin* precipitate 
is then dissolved in 15 per cent, alcohol, filtered, and the filtmti! is 
allowed to evaporate slowly in a watch-glass at 4<f’ llic: cTystiils 
can then be seen with the microscope. They are recognised not only 
by their yellow colour and octahedral form, ancl by their solubility 
in water and 15 per cent, alcohol, but also by the fact that on incinera¬ 
tion they yield 51 per cent, of platinum and give off the odour of 
trimethylamine. There is a danger of mistaking such crystals for 
those obtained from the chloride.s of potassium and limrnoniufii; 
but the presence of such contaminations may lie miniinisecl by the* 
use of alcohol as water-free as possible. The errystak of choline 
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platinum chloride are doubly refracting, whereas the platinum 
chlorides of ammonium and potassium are not. (2) The following 
test is distinctive of choline and leads to no risk of concision with other 
substances. The final alcoholic solution prepared as above is 
evaporated to dryness, and the residue taken up with water; to this 
is added a strong solution of iodine (2 grammes of iodine and 6 grammes 
of potassium iodide in 100 c.c. of water)-. In a few minutes dark- 
brown prisms of choline periodide are formed. These look very 
like haemin crystals. If the slide is allowed to stand so that the liquid 
gradually evaporates, the crystals slowly disappear, and their place 
is taken by brown oily droplets, but if a fresh drop of the iodine 
solution is added the crystals slowly form once more. (3) A physio¬ 
logical test, namely, the lowering of arterial blood-pressure (partly 
cardiac in origin, and partly due to dilatation of peripheral vessels), 
which a saline solution of the residue of the alcoholic extract produces : 
this fall is abolished, or even replaced by a rise of arterial pressure, if 
the animal has been atropinised. Such tests have already been 
shown to be of diagnostic value in the distinction between organic 
and so-called functional diseases of the nervous system. 


LESSON XXII 
THE URINE 

TOTAL NITROGEN, UREA, AND AMMONIA 

KjeldaM’s Method of Estimating Total Nitrogen.—This simple 
method can be used in connection with most substances of physio¬ 
logical importance. Briefly, it consists in converting all the nitrogen 
present into ammonium sulphate by means of sulphuric acid; then 
rendering alkaline with soda, and distilling over the ammonia into 
standard acid, the diminution in acidity of which measures the 
amount of ammonia present. 

The following modification of the original method is used in this 
laboratory :~— 

About 1 gramme of the substance under investigation (or in the 
case of urine when one wishes to make an estimation of total nitrogen, 
5 or 10 c.c. of that fluid) is placed in a round-bottomed Jena flask of 
about 250 c.c. capacity, and 20 c.c. of pure sulphuric acid are added. 
Six grammes of potassium sulphate and about half a gramme of copper 
sulphate are also added. The flask should be provided with a loose 
balloon stopper, and arranged in a sloping direction over a small 
flame. The mixture is heated slowly until it boils. In about twenty 
minutes the fluid becomes nearly colourless ; boiling is continued for 
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another forty-five minutes. By this time all the nitrogen will be in 
combination as ammonia. 

After cooling, the fluid is washed into a litre flask of Jena glass 
(fig. 52, A) and water added until the total volume of the fluid is about 
400 c.c. Add then an excess of 40 per cent, caustic soda solution, a 
few pieces of granulated zinc to avoid bumping in the subsequent 
distillation, and immediately fit the glass tube B into the neck of the flask 
by means of a well-fitting rubber stopper. The other end of B leads 
into the flask C which contains a measured amount (50 or 100 c.c.) of 
standard sulphuric acid ; -g-normal acid is a convenient strength to use. 
The bulb D shown in the figure guards against regurgitation, and the 
end of the tube should dip just below the surface of the acid in C. 
The mixture in the flask is now boiled for about half an hour, when 
all the ammonia will have distilled over ; the use of a condenser around 
the tube B is unnecessary. The acidity of the standard acid is then 
determined by titrating with standard alkali, a few drops of lacmoid 
being added to act as the indicator of the end of 
the reaction. This gives a pink colour with acid, 
blue with alkali. 

Example .—Suppose 1 gramme of a nitrogenous 
substance is taken, and the ammonia distilled over 
into 100 c.c. of 1-normal sulphuric acid. This is 
then titrated with a corresponding solution of 
sodium hydrate, and it is found that the neutral 
point is reached when 60 c.c. of the soda solution 
have been added. The other 40 c.c. must, there¬ 
fore, have been neutralised by the ammonia 
derived from the substance under investigation. 
This 40 c.c. of acid = 8 c.c. of normal acid = 8 c.c. 
of normal ammonia = 8 x 0*017 = 0T36 gramme of ammonia. One 
gramme of the substance analysed, therefore, yields 0*136 gramme 
of ammonia, and this contains 0*112 gramme of nitrogen ,* 100 

grammes will therefore contain 11*2 grammes of nitrogen. If the 
strength of the acid is that just recommended each c.c. corresponds 
to 0*0028 gramme of nitrogen. 

ESTIMATION OT AMMONIA IN URINE 

In all the exact methods the ammonia is set free by alkali, and 
absorbed by standard acid. As boiling with strong alkalis splits off 
ammonia from other urinary constituents, Schlossing originally used 
lime-water as the alkali and . allowed the ammonia to be absorbed 
by decinormal acid under a bell-jar. This method occupies three or 
four days for its completion, but may be carried out more rapidly by 
distilling off the ammonia In vacuo (Wurster’s, Nencki’s, and other 
methods). Folin’s method avoids these drawbacks by driving off the 
ammonia by means of an air current, 



Fig. 62.—Kjeldahl’s 
method: distilling 
apparatus. 
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1* Polin’s Method.—Twenty-five c.c. of urine are measured into 
a tall cylinder (fig. 53, B), 1 gramme of anhydrous sodium car¬ 
bonate and 10 c.c. kerosene oil (to prevent frothing) are added, and 
air is drawn through the apparatus for two hours. The air current 
is previously passed through acid in the bottle A in order to remove 
ammonia from it. The ammonia set free from the urine is carried 
away and absorbed in the absorption bottle C, which contains 20 c.c. 
of decinormal sulphuric acid. After two hours the ammonia is 
estimated by titrating the contents of the absorption bottle with 
decinormal alkali. The number of c.c. decinormal alkali subtracted 
from 20 gives the number of c.c. of decinormal acid neutralised by 
ammonia. One c.c. of decinormal acid = 0-0017 gramme of ammonia. 
Even with this method at least two hours are necessary. In Folin^s 
most recent method the time is reduced to fifteen minutes by only 
taking 2 c.c. of urine, and estimating the ammonia colorimetrically 
by means of Nessler’s reagent.^ 

2. The Formalin Method.—This method 
is an adaptation to urine of Sorensen’s 
method for the estimation of amino-acids 
(see p. 235). When neutral solutions of 
ammonium salts are treated with an ex¬ 
cess of formaldehyde, the compound hexa- 
methylene tetramine (urotropine) is formed, 
and a corresponding amount of acid 
is set free from the ammonium salt 



(4NH*C1 + 6CH,0 = N,(CH,)« + 6H,0 + k,,. 53.-koU„’s appa^tu. for 

4HC1) which can be titrated in the usual estimating ammonia, 

way. 

The following method (Brown’s) has been found to give the most 
accurate results :—Potassium oxalate is added to precipitate calcium 
salts which interfere with the end point, and the object of adding 
lead acetate is to remove amino-acids which react in the same way 
as ammonia. 

Sixty c.c. of urine are stirred with 3 grammes basic lead acetate, and 
filtered j 2 grammes of potassium oxalate are added to the filtrate, which 
is again well stirred and filtered ; 10 c.c. of the clear filtrate are diluted 
with 50 c.c. of distilled water, and a few drops of 1 per cent, phenol- 
phthalein solution are added ; 5 grammes of potassium oxalate are added 
and stirred. The mixture, if acid as it usually is, is neutralised with 
decinormal NaOH ; 20 c.c. of 20 per cent, neutralised formalin ^ are 
added ; this liberates acid as in the equation just given, and the 
solution is again titrated with decinormal NaOH till neutral. Each 


^ NesslePs reagent is an alkaline solution of mercuric iodide, which gives a 
characteristic yellow colour with traces of ammonia. 

2 Formalin is a commercial name for a solution containing 40 per cent, of 
formaldehyde. 
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c.r. of N/IO NaOJI u.setl to restore the pink c’{)Iour c’orrespomis 
to 0*0()I7 Nlijj. 

PEEPAEATIOlir OF XJEEA FEOM HEINE 

P^aporatc about 50 vx. of urine to a small l)ulk and finally to 
c'oinplete dryness on the water-bath at boiling temperature. Turn 
out the flame and extract the residue with a!>out 10 cx, of acetone. 
The dish may be replaced on the water-bath, which will still l>e (fuite 
hot enough to boil the acetone. Four off the hot acetone extract into 
a dry watch-glass or evaporating basin. On cooling, urea crystallises 
out in silky needles. ITe acetone quickly evaporates spontaneously, 
and a crystalline mass of urea is left. Dissolve some of thi.s in water ; 
place a drop of the aciueous solution on a slide, and allow it to crystal¬ 
lise ; examine the crystals with the microscope. Place an<aher drop 
on another slide, and add a drop of nitric acid ; examine micro¬ 
scopically the crystals of urea nitrate which separate out. 

ESTIMATION OP UEEA 

A great many methods have been proposed for the* purpose of 
urea estimation, which have all been modified repeatedly, llie 
enzymatic method, depending on the action of the enzyme urease 
contained in soy-beans, promises to replace all the older methods. 
All the methods arc indirect, i.e. the urea is decomposed in some way, 
and the quantity of one of the decomfKisition products is estiriiatccL 
According to the nature of this decomposition the methcxls may be 
divided into two main groups : - 

1. Methods which are based on the Decomposition of Urea into 
Nitrogen, Carbonic Acid, and Water.-—fhe hypobromite methofi 
(see p. 180) is a type of these methods which have bccTi atiiindoned 
for accurate work owing to the fact that (1) even pure urea solutions 
yield variable amounts of nitrogen, and (2) other urinary cciniitituents 
(ammonia, uric acid, creatinine, allantoin, etc.) also yield nitrogen 
under the conditions of the experiment. 

2. Methods which are based on the Decomposition of Urea 
into Ammonia and Carbonic Acid.— I'his decomiKisition is brought 
about in several ways. As the urine contains preformed ammciniii, 
this has to be estimated previously, and deducted from the total 
ammonia found. 

(a) T/ie Urease Method ,-methexJ was intrcxlucted by Marslialf, 
who made use of the discovery by I'akeuchi of the enzyme urease in 
soy-beans. Urease is a specific enzyme which rapidly and quantita¬ 
tively decomposes urea at 35-40® into ammonia and carbonic acid. 
Marshall has described two methods of utilising urease for the 
determination of urea in urine. One method consists in adding the 
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enzyme solution (an aqueous extract of soy-beans) to urine and titrat¬ 
ing the increased alkalinity with methyl orange as indicator. The 
other method, which is more accurate, consists in adding the enzyme 
to 1 c.c. of urine plus 10 c.c. of water, and driving off the ammonia 
by Folin^s aeration method (see p. 261). 

Instead of an aqueous extract of soy-beans, the finely ground 
beans as such may be used (Plimmer and Skelton), or preferably the 
commercial urease powder, which is prepared by precipitating aqueous 
extracts of the beans with acetone (Van Slyke and Cullen). The 
ammonium carbonate formed during the reaction retards by its 
alkalinity the action of the enzyme. This can be prevented by the 
addition of acid phosphate, which is present in the commercial product 
in the proper proportions. 

Analysis ,—The apparatus described in Folin’s method of estimat¬ 
ing ammonia in urine (fig. 53, p. 261) is used. Measure 5 c.c. of urine 
into the tall cylinder B, add 50-60 c.c. of water, 1 gramme of finely 
ground soy-bean, and about 2 c.c. of liquid paraffin to prevent frothing. 
Connect the cylinder with the absorption apparatus C, containing 50 
c.c. of decinormal H 2 SO 4 , and the wash bottle A (containing acid to 
remove the ammonia from the air current). The cylinder B is kept at 
a temperature of 35-40° in a water-bath and an air current is drawn 
through the series. After about an hour the rubber connections 
are disjointed and 1 gramme of anhydrous sodium carbonate is dropped 
into the cylinder in order to set free ammonia which may be present 
as ammonium salt. The connections are again made, and the air 
current is then drawn through for another hour. After this time the 
excess of the acid in the absorption vessel is titrated with decinormal 
KOH, using alizarin red or methyl orange as indicator. The result 
includes the ammonia preformed in the urine, and this should be 
estimated separately and subtracted. 

The urease method is also valuable for the estimation of urea in 
blood, because its action is so specific that it attacks none of the other 
constituents, and the blood has to undergo no preliminary treatment 
for the removal of the latter. 

Calculation .—From the formula C 0 (NH 2)2 + H 20 = C 02 + 2 NH 3 
it follows that one molecule of urea furnishes two molecules of 
ammonia, and that 1 c.c. of decinormal H 2 SO 4 corresponds to 0-003 
gramme of urea. 

Of the older methods those of Benedict and of Folin seem to be 
the most satisfactory. 

(3) Benedict's Method .—In this method the urine is heated with 
potassium bisulphate and zinc sulphate to 165° C. for one hour. The 
fluid is diluted, made alkaline, and the ammonia distilled off as in 
Kjeldahrs method. Five c.c. of urine are introduced into a rather 
wide Jena test-tube, and about 3 grammes of potassium bisulphate 
and 1-2 grammes zinc sulphate are added. A bit of paraffin and a 
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little powdered pumice are introduced to prevent frothing and the 
mixture boiled practically to dryness, either over a free flame or in a 
sulphuric acid bath kept at about 130° C. The tube is then immersed 
in a sulphuric acid bath maintained at 162° and left there for one 
hour. The contents are transferred with distilled water into a distilling 
apparatus, made alkaline with sodium carbonate, and distilled as 
described under Kjeldahl’s method. When the distillation is com¬ 
pleted, the standard acid in the receiver should be boiled to remove 
CO 2 before titration. 

1 c.c. N/5 H 2 S 04 = 0*0028 gramme N== 0*006 gramme urea. 

(<;) Felines Method .—In this method only a very small quantity 
of urine is used (1 c.c, of the ten times diluted urine, containing from 
0*75-1*5 milligrammes of urea nitrogen). The decomposition into 
ammonia and CO 2 is brought about by heating with potassium acetate 
and acetic acid to 155° C. for ten minutes.^ Caustic alkali is added 
and the ammonia is aspirated into N/5 acid. As the quantity of 
ammonia is too small to be titrated accurately, it is estimated colori- 
metrically, as described previously (see Ammonia estimation, p. 261). 


LESSON XXIII 

THE URINE [continued) 

URIC ACID AND CREATININE 

\ 

Preparation of Pure Uric Acid.^ —This may best be done by 
taking the solid urine of a bird or a snake (which consists principally 
of the acid ammonium urate); one has not then to separate any 
pigment. 

The material is boiled with 10 per cent, caustic soda or ammonia, 
diluted, and then allowed to stand. The clear fluid is decanted 
and poured into a large excess of water to which 10 per cent, of 
hydrochloric acid has been added; the crystals of uric acid which 
form are filtered off after standing twenty-four hours. These may 
be purified by washing, re-solution in soda, and re-precipitation 
by acid. 

^ A temperature indicator is used in this process, which consists of a sealed tube 
containing powdered chlor-iodide of mercury, a salt which is bright red and melts 
to a clear dark red fluid at 155” C. The sealed tube is heated together with the 
urine and the potassium acetate mixture. 
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ESTIMATION OF URIC ACID 

In human urine, the normal amount of uric acid (in the form 
of urates) excreted in the day varies from 0*4 to 0*8 gramme. If the 
daily volume of urine is taken as 1500 c.c., the percentage of uric acid 
will therefore be from 0*026 to 0*052. 

Estimation of Uric Acid. —Hopkins’s original method for the 
estimation of uric acid (p. 199) is perhaps the most accurate. It 
requires, however, at least twenty-four hours to complete; this 
disadvantage it shares with the modification introduced by Folin and 
Schaffer. 

The method described below permits the result to be obtained in 
under one and a half hours, and is stated to give estimations with 
normal urines, differing from those obtained by Hopkins’s method by 
not more than 1 milligramme uric acid per 100 c.c. urine. 

Hopkins’s Method (modified by Cole). 

Principle of the Method .—Substances of unknown composition 
are removed by colloidal iron, the uric acid is precipitated as 
ammonium urate, washed to remove adherent chlorides, and dis¬ 
solved in hot sulphuric acid. The uric acid is then estimated volu- 
metrically by titration with standard potassium permanganate. 

Reagents required :— 

{ci) Colloidal iron, 0*6 per cent. 

(f) Crystalline ammonium chloride. 

(c^ Washing fluid composed of 100 grammes ammonium sulphate, 
10 c.c. concentrated ammonia in 1000 c.c. distilled water. 

{d) Sulphuric acid, 45 per cent, by volume. 

{e) 0*05 N potassium permanganate obtained by dissolving 1*58 
grammes pure permanganate in distilled water and making up to 
1000 c.c. This solution may be standardised as described on p. 226. 

Analysis .—150 c.c. of urine are placed in a small beaker and 
30 c.c. of the colloidal iron added with stirring. The solution is 
filtered into one or two dry flasks. With a pipette 100 c.c. of the 
filtrate (150 if the urine is dilute) are transferred to a dry beaker and 
ammonium chloride is added to make a concentration of 20 per cent. 
After complete solution 3 c.c. concentrated ammonia are also added. 
The mixture is stirred at intervals for twenty minutes. The precipitate 
of ammonium urate so formed is then filtered quantitatively either by 
gravity or by moderate suction. Chlorides are removed from the precipi¬ 
tate by washing on the filter with the washing fluid at least twice. The 
precipitate is allowed to drain completely and is transferred, by means of 
hot water, to a flask. The volume is made up to 100 c.c. with water; 
20 c.c. of 45 per cent, sulphuric acid are added. When the temperature 
has reached 65° C. the solution is titrated with the permanganate. 
The end point is a faint pink colour spreading through the liquid. 
The colour persists only for a second or two. It is not permanent. 
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Calculation,- As I c.c. of 0*05 N KMnO^ is eciuivalmt of :i-75 mUli- 
grammes uric acidj and as the original urine was treated with ol its 
volume of colloidal iron, if a: is the num!)er of c.c. of K.Mn( )| n‘fiuirc*d to 
oxidise the uric acid from 100 c.c. of filtrate, them ICK) c.c. original 
urine contain x x 3*75 x | milligramme uric aedd. 

Folin and Macallum's Colorimetric Method. - In this metliod 
the blue colour which is produced by the action of phospho- 
tungstic acid on uric acid is made use of for the (|uantitative estimation 
of the latter by comparing it in a colorimeter with a standard solution 
of uric acid similarly treated. Since the colour reaction is very delicate, 
only a very small volume of urine is re(|uired for analysis. 'Hie 
method is only applicable to normal urines, for pathological urines 
(diabetic, albuminous) a modified method has been worked cait by 
Folin and Denis. With some modifications it can also be? applied for 
the estimation of uric acid in blood. 

From 2 to 5 c.c. of urine (depending on the specific gravity), say 
3 C.C., are measured into a 100 c.c. beaker, and after adding a drop cd 
saturated oxalic acid solution the whole is evupc)ratc*(l to drynchs cai 
the water-bath. To the dry, cool residue; an* added lodo r.c\ of a 
mixture of 2 parts of dry ether and 1 part of in<*thyl alcohol. Aft{*r 
standing for a few minutes, the solution is decainted and tlie n*.sidue 
extracted once more in the same way. .By these means c*t*rtain sub¬ 
stances (polyphenols) are removed, which also givt* a blue ctdour 
with phosphotungstic acid. (For ordinary c’lass work IMt pea* c'ent. 
alcohol can be substituted for the ether-alcohol mixture, altlaaigh 
the slight solubility of uric acid in it introduces a .small source* of error.) 

To the washed residue in the bottfim of the beaker is next added 
water (5-10 c.c.) and a drop of .saturated sodium carbonate soliitirai, 
and the mixture is shaken so as to .secure complete solution. Add 
2 c.c. of the phosphotung.stic acid solution/ and 20 c.c\ of a saturated 
solution of sodium carbonate, 'fhe resulting blue solution k traris* 
ferred to a 100 c.c. measuring flask, diluted with water up to the tiiiirk, 
and poured into one of the tubes of the colorimeter (see next page). 
The second tube is filled with the .standard .solution for (Tjinpitriscm, 
which is obtained by treating J milligramme of uric: arid in 0*4 per eeiil. 
lithium carbonate solution with iihosphotungstic acid in exactly the 
same proportions.^ 

^ Tlie solution m prepared by lioiling HK) graniiiies uf wMlitim ttiiigiiUUr with 
80 c.c. of 85 per cerd. phosphoric acid and 750 c.c. of wafer lor it couple of iumm 

and then diluting to 1 litre. 

^ Thi.s .standard solution inu.st la.* freshly prepared, aial In order In 
inconvenience, Folin and Denis have introduced a uric: add fnrmaidrliyclc itilulion 
which keep.s. One gramme of uric acid in a litre fliiMk i» tliwolved hi 2(MI c.c. of 
0*4 per cent, solution of lithium carlionale. To thif», 40 cr.c. of 40 per reiit. 
fonnaldehyde^are added, ^and the mixture shaken aiid allowed to iilaiid for a few 
minutes. ^ It is then acidified with 20 c.c. of m^rnml accfic at'kl, and the whole 
rliliited with water to 1 litre. Next day it is stanclardisecl agiiiiwt a frcilily prcffiareil 
lithium carbonate solution of uric acid. 1*he colour pfCMiiircd by 5 c.c. tpf the 
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Calculation .—Set the standard at a depth of a mm. Equality 
of tint is obtained, when the depth of the unknown solution is h. 

Therefore 3 c.c. of urine originally taken for analysis contain -f milli- 

0 

grammes uric acid, and 100 c.c. contain 

ob 


ESTIMATION OF OEEATININE 


The following colorimetric method (Folin’s) is now generally 
employed for the estimation of creatinine ; and with a slight modifica¬ 
tion it may also be used for the estimation of creatine. It is based 
on the red colour which has been shown by Jaffe to develop when an 
alkaline solution of picric acid is added to a solution of creatinine; 
this is compared with the colour of a standard solution of potassium 
bichromate, the tint of the two fluids being almost identical. If 
creatine has to be estimated, this is first transformed into creatinine 
by boiling with hydrochloric acid. The apparatus and reagents 
necessary are:— 

1. A colorimeter consisting of two tubes, the height of the column 
in which can be read by graduations in tenths of a millimetre. 

2. A half-normal solution of potassium bichromate (24*5 grammes 
per litre). 

3. A saturated solution of picric acid. 

4. Ten per cent, caustic soda. 

lb perform the analysis one tube of the colorimeter is filled with the 
bichromate solution up to the height of 8 mm. Ten c.c. of urine are 
measured into a |-litre flask, 15 c.c. of the picric acid solution and 
5 c.c. of the caustic soda solution added; after standing five 
minutes water is added until the total volume of the mixture is 
500 c.c. This solution is poured into the second tube of the 
colorimeter to such a height (which is read off) that, on looking 
down through it, the intensity of the colour is the same as that in the 
standard tube by its side. Folin found that a layer 8 mm. deep of 
the standard solution has the same colour as a layer 8T mm. deep of 
a solution prepared from 10 milligrammes of pure creatinine, picric 
acid, and caustic soda. The calculation for x, the number of milli- 


8*1 

grammes of creatinine in the urine, is therefore x==10x where a 

is the millimetre depth of the unknown solution which matches 8 mm. 
of a standard bichromate solution. 


solution corresponds very nearly with the colour obtained from 1 milligramme of 
uric acid. The colorimetric reading obtained for the solution when thus compared 
against 1 milligramme of pure uric acid is, of course, therefore to be used as the 
standard value corresponding to 1 milligramme of uric acid. Quite recently Folin 
has recommended a solution of uric acid in 10 per cent, sodium sulphite as the most 
trustworthy standard. 
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LESSON XXIV 
THE URINE {umiiNHed) 

THE INOEaANIC SALTS 

The principal inorganic salts in urine are chIoriclt*.s, .Milphates, and 
phosphates. 

I'he chlorides consist chiefly of those of sodium and potashiunn the 
latter being present in quitc‘ small c|uantities. llic* amount of scMlium 
chloride in human urine is 10-15 grammes per diem ; taking tin? total 
volume of the daily urine at 1500 c.c., this corresponds to 0*6 to I per 
cent. 

The phosphorit' acid in the urine is c'ombined with sodiuiip 
potassium, calcium, and magnesium. I’he total twimly- 

four hours is about 3*5 grammc‘s, of 0*24 jkt (TUt. In addition tf> 
the inorganic phosphates, there are small amounts <4* organic* ? im¬ 
pounds of phosphorus, such as glycero-fphosphates, dlie following 
exercises, therefore, contain one for the estirtialion of total phtrs- 
phorus. 

The sulphates in the urine are of two kiruLs : ihct inorganic! .sulphiites, 
namely, those of .sodium and potassium, and the (‘Ihereal sulphate's {sect 
p. 193). In human urine about 2 grammes of total Milphiiric* acid are 
pa.ssed per diem^ or 0*13 fpcr cent. 

Although the major portion of the sulphur in the* urine is prcMmi 
as sulphate there is in addition a small quantity <*ranbincd in cerganic 
compounds. It is therefore necessary to add an exercise for the estinia^ 
tion of total sulphur. 

ESTIMATION OF CHLOEIBES 

Volhard’^s method adopted for the determination of the tcptid 
chlorides consists in their precipitation f)y excess of a hlandard soliilhai 
of silver nitrate in the presence of nitric acid. 4‘he <‘xcths of silver is 
then estimated in an alkpiot part of the filtrate with it soliitioii of 
potassium or ammonium thiocyanate*, whicii has fjceii previously 
standardised against the silver solution, a ferric* salt being used as 
indicator. 

The following solutions are nece.ssary : — 

i. A standard solution of .silver nitrate of such a strength that I r.c, 
corresponds to 0*01 gramme of sodium chloride (29*075 grammes of 
fused silver nitrate in a litre of di.stilled water). 

ii. Solution of potassium thiocyanate (8 grammes to the litre), 

iii. Pure nitric acid free; from chlorides. 

iv. A saturated solution of iron alum. 
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The potassium thiocyanate solution is first standardised in the 
following way:— 

Place 10 c.c. of the silver solution in a beaker, add 5 c.c. of the nitric 
acid, 5 c.c. of the solution of iron alum, and 80 c.c. of water. Run 
into this from a burette the thiocyanate solution until a permanent 
red tinge is obtained. Note the number of c.c. necessary for this 
purpose, and call this number x. 

Analysis .—Place 10 c.c. of the urine in a 100 c.c. measuring flask 
with a pipette ; add about 4 c.c. of pure nitric acid, and 20 c.c. of the 
standard solution of silver nitrate. Fill up the flask to the 100 c.c. 
mark with distilled water, mix thoroughly, and filter through a dry 
filter-paper into a dry vessel. 

Measure out 50 c.c. (that is exactly half) of the filtrate, add 5 c.c. 
of the iron alum solution, and titrate with the thiocyanate solution until 
a permanent red colour is obtained. Call the number of c.c. so used a. 
This must be doubled to represent what the total fluid (100 c.c.) would 
have required. 

In the previous standardisation of the thiocyanate solution we found 
that X c.c. of the thiocyanate solution is equivalent to 10 c.c. of the 

silver solution ; therefore 2^ c.c. are equivalent to ^ 


X 


of the silver 

solution, and this represents the amount of silver solution not used in 
precipitating the chlorides. Therefore is the number of 

X 

c.c. of the silver nitrate solution utilised in the precipitation of the 
chlorides. 

Ten c.c. of urine (the amount taken for analysis), therefore, contains 

20 ^ 

the amount of chlorides which require 20 “■ c.c. of the standard 

X 

silver nitrate for their precipitation, and as each c.c. of the standard 
solution is equivalent to 0-01 gramme of sodium chloride, the total 
chlorides in the 10 c.c. of urine (expressed as sodium chloride) is 

X 0*01 =0*2 ~ grammes. If one multiplies this by 

X / X 

2 ^ 

10, we obtain % - ^ grammes, which is the amount per 100 c.c. of 

X 

urine. If the total urine passed in the day is 1500 c.c., we have further 
to multiply this by 15 to obtain the amount excreted in the twenty- 
four hours. 


20 - 


ESTIMATION OF PHOSPHATES 

(a) Estimation of the total phosphates. 

For this purpose the following reagents are necessary 

i. A standard solution of uranium nitrate. The uranium nitrate 
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solution contains 35*5 grammes in a litre of water ; 1 r.c. corresponds 
to 0-005 gramme of phosphoric acid 

ii. Acid solution of sodium acetate. Dissolve lOt) grammes of 
sodium acetate in 900 c.c. of water; add to this 1 (X) r.c. of glacial acetic: 
acid. 

iii. Solution of potassium ferrocyanide. 

Method,—Take 50 c.c. of urine. Add 5 r.c. of the acid solution of 
sodium acetate.^ Heat the mixture to 80^ CL 

Run into it while hot the standard uranium nitrate solution from 
a burette until a drop of the mixture give.s a distinct brown colour with 
a drop of potassium ferrocyanide placed on a porcelain slab. Read 
off the quantity of solution used and calculate therefrom the percentage 
amount of phosphoric acid in the urine. 

Another indicator which may be* used is (x>rhineal tincture*, a few 
drops of which may be added to the mixture. A change of colour 
from red to green is the sign of the end of the reaction. 

(if) Estimation of the phosphoric acid combined with calcium and 
magnesium (alkaline earths). 

Take 200 c.c. of urine. Render it alkaline with ammonia, fay 
the mixture aside for twelve hours. Collect the prt*cipitatt*d earthy 
phosphates on a filter; wash with dilute ammonia (I in 3). Wash 
the precipitate off the filter with water acidified by a few drops of neetiv 
acid. Dissolve with the aid of heat, adding a little more acetic acid if 
necessary. Add 5 c.c. of the acid solution of sodium acetate. Bring 
the volume up to 50 c.c., and estimate the phosphates in this volumet 
rically by the .standard uranium nitrate as before. Subtnirt the phos* 
phoric acid combined with the alkaline earths thus cihfaincc! front the 
total quantity of phosphoric arid, and the difference is the* iimrnirit 
of acid combined with the alkaline metals, srKlium and potassiiiiii. 


ESTIMATION OP TOTAL PHOSPHORUS 

The phosphorus of the urine h mainly presemt in the form of 
inorganic phosphates ; hut there arc: in addition certain rirgnnic com¬ 
pounds of phosphoru.s such as glyca‘ro-phosphates. In order to 
estimate the total phosphorus, the following method is the best to 
employ. 

Estimation of total phosphorus hy Mcumannls method : 

This method is now in general use for the cstirnation of phosphorus 
in organic substances, on account of the ease with which the dcslructbii 
of the organic matter is carried out. The solution oiitained after the 
first stage of the process serves ecpially well for the eitimiitkm of iron, 

^ In nsing^ uranium nitrate it u imperativr tluit wtliuiii aci'tiite dtcitilfl acmiiifmny 
the titration in order to avoid tlie occurrence of free nitric ficlii in tls« 

solution. If uranium acetate is used, a may Im omitlfd. 
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('alfiuni, niagncsiunT sodium, and potassium. An estimation of 
hydrochloric acid may be carried out by a slight modification of the 
tnethocl. 

Principle of the Method, .H'he organic matter is oxidised with a 

mixture of equal parts of nitric and sulphuric acids. The phosphoric 
acid so formed is then precipitated as ammonium phosphomolybdatc, 
and this precipitate, after washing it free from acid, is dissolved in 
excess of half-normal alkali and titrated with half-normal acid. The 
difference multiplied by 0*553 gives the amount of phosphorus in 
milligrammes. If multiplied by 1*268, the result is expressed in terms 
of milligrammes of P 2 O 5 . 

Analysis, -Measure 5 c.c. of the urine into a Kjeldahl flask, and add 
20 c.c. of the arid mixture (equal parts of nitric and sulphuric acids). 
Meat in a fume cupboard over a small flame until the evolution of brown 
fumes ceases. Allow to c!ooI, and add a small quantity of fuming nitric 
acid; heat strongly until a clear solution is obtained. After cooling 
add 100 c.c. of distilled water, heat on the water-bath, and add 100 c.c. 
of a molybdic arid solution.*^ The yellow precipitate of ammoniunr 
phosphomolybdatc is filtered and rapidly washed free from acid,^ 
transferred into a flask, and a measured quantity of half-normal sodium 
hydrate added until a rf)lourless fluid results. A slight excess (5-6 c.c.) 
of th(i half-normal sodium hydrate is added, and the solution boiled for 
about fifteen minutes, until all the ammonia has been removed. After 
ctKiling and adding a few drops of phenolphthalein as an indicator, 
the j)ink solution is titrated with half-normal sulphuric acid until 
it is colourless. If a=-=dhe c.c. of the sodium hydrate solution actually 
taken, and h-ihe c.c, of the sodium hydrate solution left when the 
readion is over tlie c.c. of half-normal acid added), then x^a-6, 
X being the number of c.c. of sodium hydrate used up in the reaction 
with the phosphomolybdatc*. Further, ^ x 0*553=:milligrammes of 
phosplioriis present; and .r x T26B - P/3g, 


* Tile Is prt'piirrd jis fciIIowH : A solution of 75 grammes of ammonium 

molvbilatc?, Ill 300 c.c. of water, is poured into 500 c.c. nitric acid (250 c.c. of 
isuiri'iitraled fiiiric; arid and 250 c.c. of water), and I litre of ammonium nitrate 
soltiltoii (otM'l grammes dissolvoi! in I litre of distilled water) ih added to the mixture. 
Variotifi ffivmuht’ for ihr making of this mixture arc given, but the above in the one 
used in thiH liiboraf«>ry, 

“ It is ciscntkl that the filtration and washing should he effected rapidly. ^ In 
Kftmiariti’i original method of filtering through fdter-paper several slight modification.s 
have hcfii iiilrodufrfl by different aulhors. In this laboratory the lollowing method 
is used, whirli allows the filtfiitlcm and washing to be carried out within five minutes : 
Filter*pulp h prepared by shaking up M grammes of a pure filtering paper with 
1 Hire of water and 50 c.c. of concentrated hydrochloric acid. The pulp is filtered 
iimifr pre»tire, well washed with boiling water, and then kept, suspended in 2 litres 
of water, ready for me, Alioiil *H)40 c.c. of filter-paper pulp are ponreil into a 
fiinnid contiiining a small iicrforated pcuctdain filter-plate, and the fiitratiorq and 
wa«‘liing fff flic molylidate predpilatc is carried out hy the help of the filter* 
piimp. 
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ESTIMATION OP SULPHATES 

i. Gravimetric Method. 

(^ 2 -) .Estimation of total ijnorganic and ethereal) sulphates (I’ViIin'h 
modification) 

Twenty-five c.r. of urine and 20 (\c, of dilute hydrochloric^ acid 
(] part of hydrochloric acid to 4 f)art.s of w^ater by volunu*) are gcuitly 
boiled in a flask, covered with a small watch-glass, for twcmty to thirty 
minutes. This effects thc‘ splitting of thci ethereal sulpluitc^s and the 
liberation of sulphuric ac'id. I’hc flask is c’ooled for two or three* niiinites 
in running water, and the contents are diluted with cold water to about 
150 c.c. To this cold solution are then added 10 c.v. of a 5 pc*r caait, 
solution of barium chloride without any shaking or stirring during the 
addition. 'Fhe barium chloride should be added dn»p !)y drop, prefer¬ 
ably by means of an automatic dropper At the end of an hour or 
later the mixture is shaken up and filtered through a weighed Ckwadi 
crucible (a porcelain crucible with a f)erforatc*d br^tfoin f^railaining a 
layer of asbestos). I'he prf‘cipitate is washc*d with water, ignili*ch 
and weighed. The inctrease in weight is the amount of barium sulphate ’ 
obtained. 

(h) Estimation of inorganir snlphales (Imlin’s infalificatifai) : 

About 100 c.r. of water, 10 c.c. of the dilute liydrorTlorr arid, and 
25 c.c, of urine are measurc'd into a flask. dVn c.c. of a 5 per cefil. 
solution of barium chloridt* arc* addc‘d as dc‘s<*ril«‘d aficm*, and the 
filtration, washing, and weighing c*arric*d out as before. 

(c) The ethereal sulphates an* repr<*sc*nted by the diff<*n*tire firlween 
the total and the inorganic* sulphates. They may, howevc‘r, iilso be 
estimated direc’tly })y the following method ; 125 c*.c\ cif urine art* 

diluted with 75 c.c. of wal(‘r and flO c.c. of the dilute hydrcaiiioric iirkL 
The solution is j)recipitat:ed in the C’old by the addition of 20 vr, of 
5 per c*ent. solution of barium chloride! us ht‘fi»r<*, and the mixture is 
filtered, after onc! hour’s .standing, titrough a dry filter. Iiiorgitnie 
sulphates are thus removed. Half of the filtrate (fliaf Is, 125 rr.) 
is then quietly boiled for about tliirty ininut(*s. By this ttieaiis 
sulphuric acid is liberated from the* ethereal .siilpliates, and thix is 
precipitated by the barium (*hIoricIf! present as harimii stilpliate, wlik*lt 
is collected, washed, ignitcal, and weighed us before. DoiihJe the total 
thus ol)tained will give; in terms of barium sylphafe the arrioiiiit of 
ethereal sulphate present in the 125 e.e. of urine originally Biken, iind 
from this the percentage and amount passed in the IwentyToiir hours 
can he calculated. 

Calculation, 233 parts of barium sulphate cxirrespond to Kf| parts 
of SC> 3 , or 32 parts of S. To c*ak‘ulate the HO 3 , multiply the wcdglit 
of barium sulphate* by ; to raknilute the S, riiiilfiply it by 

A.f,j;-0'I37. hkamplc!: KM) c.c. of urine gave ()»5 gnirtimf* of Pitiil 
Ijarium sulphate; this multiplic*d by 0*171 of fofal SCij. 
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Another 100 c.c. of the same urine gave 0*45 gramme of barium 
sulphate from inorganic sulphates; this multiplied by 0-343 = 0T54 
of SO 3 in inorganic combination. If this is subtracted from the 
total SO3 (0-171-0-154) we see that 0*017 gramme of SO3 was in 
combination as ethereal sulphate, or about one-tenth of the total, which 
is the average proportion in normal urine. 

2. Volumetric Method (Rosenheim and Drummond’s benzidine 
method). 

Principle of the Method. —The inorganic sulphates are precipitated 
from the faintly acidified urine as benzidine sulphate by means of a 
solution of benzidine (NH 2 .C 0 H 4 .CeH 4 .NH 2 ) in hydrochloric acid. 
As benzidine is a weak base its salts with acids are readily dissociated 
and the sulphuric acid contained in benzidine sulphate may be quanti¬ 
tatively titrated with standard alkali solutions, using phenolphthalein 
as an indicator. 

The total sulphates (inorganic and ethereal) are similarly estimated 
after hydrolysing the ethereal sulphates by boiling with hydrochloric 
acid. 

The ethereal sulphates are represented by the difference between the 
total and inorganic sulphates. 

Analysis. — (a) Estimation of inorganic sulphates. —20 c.c. of urine 
arc measured into a flask and acidified with dilute hydrochloric acid 
(1 : 4) until the reaction is distinctly acid to Congo-red paper. 100 c.c, 
of benzidine solution are then run in and the precipitate, which forms 
in a few seconds, is allowed to .settle for ten minutes. (The benzidine 
solution is prepared by rubbing 4 grammes of benzidine into a paste 
with water, and transferring it with 500 c.c. of water into a 2-litre flask. 
5 c.c. of concentrated HCl are added, and the solution made up to 
2 litres with distilled water.) The precipitate is filtered under pressure 
with the precaution of not allowing at any time the precipitate to be 
sucked dry on the filter. This is washed with 10-20 c.c. of water 
saturated with benzidine sulphate. The precipitate and filter-paper 
are transferred into the original precipitation flask with about 50 c.c. 
water and titrated with decinormal potassium hydrate solution, after 
the addition of a few drops of a saturated alcoholic solution of phenol¬ 
phthalein. 1 c.c. of decinormal KOH=-'49 milligrammes H 2 SO 4 . 

if) Estimation of total sulphates. —Add 2 c.c. HCl (1 : 4) to 20 c.c. 
of urine and boil gently for twenty to thirty minutes. After cooling 
the flask, proceed exactly as under {a). 

ESTIMATION OF TOTAL SULPHUR 

Benedict’s Method (Wolf and Oesterberg’s modification).—In 
this method the organic matter is destroyed by boiling the substance 
with fuming nitric acid, and the oxidation of sulphur to sulphuric acid 
is completed by heating with copper nitrate and potassium chlorate. 
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In the solution finally obtained, sulphuric aeicl is €.stiniat(‘d gnivi- 
metrically as barium sulphate. 

/f 5 ^^ 2 :^.w.-~-Mcasure 10 c.c. of urine into a Kjeldah! flask of *100 c.r. 
capacity; add 20 c.c. fuming nitric acid and heat over a small flaiut*. 
Ontinue to boil until the fluid is free from solid parti^des. 'Transfer 
the solution to a porcelain dish and add 20 c.c. of !lf*nediilfs sedutbn 
(200 grammes copper nitrate, and 50 gnimm(‘.s potassium cldorate dis¬ 
solved in 1 litre of water). Evaporate to dryness on a sanddiatli; 
then heat over the free flame until th(‘ residue is Idackcmecl by tlie 
formation of copper oxide. Raise the* flame* and heat to redness fc^r 
ten minutes. After cooling add 25 c.c. of 10 per cent, hydrochloric* 
acid and dissolve the black residue f)y warming gently. 'The solution 
(A) is washed into a flask with about 150 c.c*. of watcT, and tlie sulphuric: 
acid estimated by means of liarium chloride in the way described alKivc* 
(a). The filtrate from the barium sulphate precipitate may be used 
for the estimation of phosphorus by Neumann’s medhod (seii p. 270). 
The sulphate in solution (A) may also lx* estimatcxl by the* fjenzidine 
method. 


LESSON XXV 
THE URINE 

THE PIGMEHTB 

The urinary pigments are numerous, and have from time to time 
been described under different names tiy various cibserv«*rs. 

1. Uroclirome.-"-“This is the essential yellow pigment of the urine. 
The word was originally introduced by Tliudicdiiim, whf«e inveitigii- 
tions have in the main been confirmed and suppleniented by the work 
of Dombrowski. 

Preparation of Urochrome (Dombrowski). After removal of 
sulphates, phosphates, and urates fiy a mixture of barium and ralcduiii 
acetates and ammonia (86 grammes of ciilc!iuiTi i.icetal<‘, 5*1 gntmiiM*s of 
barium acetate, and 41 c.c. of 21 per rent, ammonia lo id litres of 
urine), the filtered urine is neutralised with ac*etic acifi, iiufl iirmthroriie 
is precipitated by adding copper acetate. The greenish precipitate 
is filtered off, well washed, and then suspended in water, and the c‘oppf?r 
is removed by sulphuretted hydrogen at fiff (.1 Ilaryla witter in added 
to the filtrate, and excess of barium removed by ii strra!ii of c*ar!xin 
dioxide; the barium salt is then concentrated in tmun and prrcdpitiited 
by alcohol The precipitate is dissolved in water and freed from 
chlorine by silver nitrate. The soluble silver salt so foritM?d k pro-- 
cipitated by alcohol and ether, washed free from silver nitrate, dried, 
and analy.sed. The free urochrome can be obtiiined by renioiilig the 
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silver with sulphuretted hydrogen; it is araorphous and easily soluble 
in 90 per cent. ak:ohoI, in which it keeps well. 

Estimaiion,— Th& copper salt obtained as above is dissolved in 
ammonia, and the purine bases precipitated with ammoniacal silver 
solution. Nitrogen is estimated in the copper and silver precipitates ; 
the difference gives the nitrogen of urochrome. Urochrome contains 
11-I per cent, of nitrogen. 

It shows no absorption bands, but cuts off the violet part of the 
spectrum which urobilin allows to pass. It does not fluoresce with 
zinc salts as urobilin does. It yields a pyrrol derivative which is not 
identical with haemopyrrol, and so probably urochrome is not related 
to urobilin. It contains 5 per cent, of sulphur, most of which is easily 
split off as sulphide by cold alkali. Cystine sulphur is not present. 
It is an acid, and reddens litmus. It is probably derived from 
|)rotein. 

2. Urobilin.—“ Urobilin is a derivative of the blood pigment, and is 
identical with stercobilin (see pp. 124, 182). Probably both reduction 
and hydration occur in its formation. It is very like the substance 
named hydrobilirubin l)y Maly, which he obtained by the action of 
sodium amalgam on bilirubin. The following formulae show the 
rc‘lationship l)c*twTC‘n thc*se allied pigments : 

hheniatm ...... 

Bilirubin.( ^HaeN.Oe 

Hyclrobilirubin.^ 12 ^^ 40^407 

Normal urine contains hut little urobilin ; what is present is chiefly 
in the form of a colourle.ss chromogem, which by oxidation is converted 
into uro!)ilin. In numerous pathok)gical conditions urobilin is 
al)undant. 

The following arc* the two methods introduced by Garrod and 
Hopkins for its .separation from tlu* urine ; - 

(a) T1ie urines is first saturated with ammonium cdiloride, and the 
urate so jmccipitated is filtered off. The filtrate is then acidified with 
sulphuric* iic‘id and saturated with ammonium .sulphate. This causes 
a precipitate of urobilin, which may be collected an<l dissolved in water. 
The ariiieoiis solution is again saturated with ammonium sulphate, 
and the pigment is thus precipitated in a state of purity. 

(i) The urates are first removed, then the urine is acidified and 
saturated with ammonium sulphate as before. The urobilin is then 
extracted from the mixture by shaking it with a mixture of chloroform 
and ether (I : 2) in a large separating funnel. The ethcr“Chloroform 
extract is then rendered faintly alkaline and shaken with distilled water, 
and the urobilin passes into solution in the water. T'he aqueous 
solution is once more saturated with ammonium sulphate and slightly 
acidified ; it then once more yields its pigment to cther»chloroform. 

By means of either of these methods urobilin is obtained in a pure 
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condition; even normal urine will give Homt% for t!ie «“hroinogen is 
partly converted into the pigment by the a(‘i(l citiployeci. 

Urobilin dissolved in alcohol exhibits a gre^en lluort*Nci*nci% wliiUi is 
greatly increased by the addition of zinc (diloride and animoniii. ft 
shows a well-marked absorption I)and between! h and l\ slightly (m*r- 
lapping the latter (fig. 54, spectrum 4). 

Urobilin, like most animal pigmc‘nts, sliows atidic’ tendi*!ic*it‘s and 
forms compounds with bases; it is Iihc*ratc:*d fnnn suf‘h comliiiiations 
by the addition of an acid. 

If urobilin is dissolved in caustH’ potash or soda, and siifliriimt 
sulphuric or hydrochloric acid is addc‘d to render the liffiiid faintly 
acid, a turbidity is prodiuTci. This turbid lic|uid sIk»w.n an additional 
band in the region of the K line (fig. 54, spectrum f>), whicii is probably 
due to the special light absorption exercised fiy fine partiides of urobilin 
in suspension. It wholly disappears when the? precifiitate is filtered off, 
and when it is redissolved the ordinary hand alont* is vihifilt*. 

3. Uroerytlirin.“--This is the* colouring matter of pink urate sedi^ 
ments. It may lie separated from the* sediment as follows : Hie 
deposit is washed with iccsc'old watcT, dn<.‘d, and placed in absoltite 
alcohol. The alcohol, though a solvent for iiroerythrin, does iifit, exlriirt 
it from the urates. The alcohol is poun*d off, and tlie deposit dissolved 
in warm water. ITom this solution fh<* pigment is easily extraf tt*d by 
amyl alcohol. 

Urocrythrin has a great affinity for uratess, with whif'li if iippf'iirH 
to form a loose compound. Its solutions arc* rapidly deeoloiised fiy 
light. SpectrosTopically it shows two rather ill^defim^d bands (fig. 54, 
spectrum 7). It gives a grc*en I’olour with eniistu^ fMitiisli, and red nr 
pink with mineral acids. Urocrythrin appears to tie m Hriiidl but 
constant constituent of urine. Its origin and relationship I hr oilier 
pigments are unknown. 

4. Haematoporphyriii. .This also occurs in smiill f|iia!ilitie% in 

normal urine. In some patliologiral I’onclitioiis, chperiiilly after flic 
administration of certain drugs (e,g, sulphonid), its attiotiril is iiiereii^ed. 
Its amount is stated to increase whim tin* urine .stiiricb ; this poiiils to 
the existence of a colourle.ss <4iromog<*n. It may hr se|«iriilrd from 

the urine as follows :.-Caustic alkali is added to the urine ; this mmm 

a precipitate of phosphates, whicdi carries down the pigment with it: 
the pigment may be dissolved out with chloroform. Hie rliloroffiriii 
is evaporated, the residue washed with alcohol, and finiilly diHsciIvi*d 
in acidified alcohol. Urines rich in the pigment yitdd it eiinily to 
acetic ether or to amyl alcohol 

When the urine is sufficiently rich in the pigment, the fiiinds sliown 
arc those of alkaline haimatopor|)hyrin (fig. 54, spitririini 2), (In 
adding sulphuric! acid, the .spectrum of acid hiemiitoporphyrki is ncm 
(fig. 54, spectrum 1). Occasionally urate* sediments fire pigiiietited 
with a form of the pigmemt which shows a twodiiincled spertrtitti, very 
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Fig. 64. —Chart of absorption spectra; 1, acid haematopdrphyrin*, 2, alkaline h»matoporphyrin; 
haematoporphyrin as found sometimes in urate sediments; 4, acid urobilin, concentrated; 
6, acid urobilin, dilute; 0, the E band spectrum of urobilin; 7, uroerythrin; 8, urorosein con¬ 
centrated—on dilution the band shrinks rapidly from redward end. (After F. G. Hopkins.) 


5. Chromogens in Urine. —In addition to the chromogens of 
urobilin and haematoporphyrin alluded to in the foregoing paragraphs 
there are others, of which the following may be mentioned :— {a) 
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Indoxyl. —'I'he origin of this substance from indole is mentioned on 
p. 19;j-194. It is easily oxidised to indigo-blue or indigo-red. 


[indoxyl] 




- CO 
Nil 


C:C cyi. t 211,0. 


t tfulitro-hlue! 


Indigo-red is isomeric with indigo-blue. It is very nire Ibr the urine to 
be actually pigmented with indigo, for the urinary indoxyl is c‘X(!reteci 
as a conjugated sulphate which resists oxidation.^ When the; urinc‘ 
is mixed with an equal volume of hydrochloric acid, in<loxyl is li!>eraU*d 
from the sulphate. A solution of a hypochlorite is then added^ drop 
by drop, when indigo-bluc is formed, and on shaking t!ie mixture 
with chloroform the indigo-blue passes into the chloroform (JulTe), 
This test, however, is not a very good one, for the hypochlorite solution 
has always to be freshly prepared, and even then a small excess will 
cause the colour to disappear owing to oxidation of the indigo, and it is 
difficult to hit off the exact amount to give the reaertiem. A bettc*r test 
for indoxyl-sulphuric acid (indican) consists in adtiing 10 c.c. of a 20 
per cent, solution of lead acetate to 50 c.c. of urine, and filtering the 
mixture. The filtrate is shaken with an ecjual volume cd* hydrc.chloric 
acid (containing 0*2 to 04 per cent, of ferric chloride) and a few c.c. 
of chloroform. The indigo-blue passes into the chloroform (Ober- 
mayer). (i>) S^aitoxy/,—Whm skatoxyl is given by the mouth it passes 
into the urine, and yields skatoxybred on oxidation, (c) (/rfjrmesM 
is distinct from indigo-red. It is produced from its chromogen liy 
the action of mineral acids. According to flerter, indole-acetic add 
is its chromogen. It frequently appears when urine is treated with 
strong hydrochloric acid and allowed to stand, but it appcfars more 
readily when an oxidising agent is added as well. It is readily soluble 
in amyl alcohol, but not in ether, 'fhe colour is destroyed by alkalis. 
It shows an absorption band between the D and Is linen (fig. 54, 
spectrum 8). 

6. Pathological Pigments.— I'he most freciuenily appearing of 
abnormal pigments arc those of blood and liile. The urine may contain 
accidental pigments due to the u.se of drugs (rhubarb, senna, logwood, 
santonin) j in carbolic acid poisoning pyrocatechin and hydrochirioii 
are chiefly responsible for the greenish-brown colour of the urine, which 
increases on exposure to the air. 'Fhc black or diirkdirowii pigment 
called melanin may pass into the urine in cases of melanotic sarcoma. 
For alcaptonuria, see p. 214. 



APPENDIX 


HJEMACYTOMETERS 

G-owers’s Hsemacytometer. —The enumeration of the blood cor¬ 
puscles is readily effected by the haemacytometer of Gowers. This 
instrument consists of a glass slide (fig. 55, C), the centre of which is 
ruled into millimetre squares and surrounded by a glass rim I milli¬ 
metre thick. It is provided with measuring pipettes (A and B), a 



Fk;. 55.--H£emacytometer of Sir W. Gowers. 


vessel (D) for mixing the blood with a saline solution (sulphate of soda 
of specific gravity 1015), a glass stirrer (E), and a guarded needle (F). 

Nine hundred and ninety-five cubic millimetres of the saline 
solution are measured out by means of A, and then placed in the mixing 
jar; 5 cubic millimetres of blood are then drawn from a puncture 
in the finger by means of the pipette B, and blown into the solution. 
The two fluids are well mixed by the stirrer, and a small drop of this 
diluted mixture placed in the centre of the slide C; a cover slip is 
gently laid on (so as to touch the drop, which thus forms a layer milli¬ 
metre thick between the slide and cover slip), and pressed down by 
two brass springs. In a few minutes the corpuscles have sunk to the 
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bottom of the lay(tr rif fluid, and rest on the s(iuares. 'I'hc muuiier 
on ten squares is then counted, and this multii)lied by givi-N the 










Fi(i. f>(l--Thomxi*Z€isifi luomacytoincter, 

number in a cubic millimetre of blood, llie uveragc‘ nimibcr of r<*(l 
corpuscles in cu(*h scpiare ought, thc*ndbre, in normal 
human blood to i)c 45-50. 

Differential counts to shm the* relative proportions 
of the varieties cd’ leuc'ocytes are rtuide in appropriately 

stained blood films. 

Thoma-Zeiss Hemacytometer, lids instriiiiieiit 
consists of a glass slide (s) .seen In .section in fig. 5B, hi 
the (’entre of the slide is a dis<* of glass ///, the iipfier 
surfa(’e of which is ruled into h(|uare.s c*arh of whieli is 
of a square ndllimctn.* in area, lids is surroiinded 
by a ring of gla.ss (r) which is of .Midi a height as tc» pro¬ 
ject ,\.y of a millimetre idiove m, A tlrop of dihiled 
blood is ])lac*ed in the cx*ll so formed, line! c*overt‘cl with a 
rover .slip, llie volume of blood between any partrii™ 
lar scpiarc and the cover slip is thf-refort* of u 

cubi(' millimetre. Accompanying the in.struiiienl are 
two c*apillary pipettes, one of which is showai in the 
accompanying drawing (fig. 57). llie finger or ear 
is pricked, and blood is drawn up in the ctapillary tube 
to the line marked 1 (or if twic*e the dilution is ri^garded 
as advisalile, to the line marked 0%5|; a .Hiiitable 
M saline solution is drawn up then to ihi! murk Ifll ; 

W the blood and diluting solution are then well mixed, 

V the glass bead in the bulli aiding the mixing, and a 

drop of the mixture transferred to the slide riil«*d in 
•'^luarc.s. l*he (’orpuscles are alIowi*d to siltle, mul 
macytoineter. thosc 011 20 or more .scfuares are then ctmiiied, itnci I lie 
average per .square multiplied by 400,0111 gives the 
number of red corpuscles per cubic millimetre of imdihited blood. 
The number of red corpuscles per scpiare in normal IiIock! k about. 12. 

The second pipette provided is like the one just ciesrri!>ed, but k 
of different proportions, and is similarly employed for cxjiiriling the 
leucocytes. In some cases a micrometer slide ruled in larger sf|uareh 
is provided for this purpose. The value of the sciitiires in terms of 
those provided for the counting of the red corpuscles in known, and so 
the proportion of coloured and colourless corpuscles mn be ftseeriainc^L 
In counting the colourless corpuscles the addition of a dye renders the 
operation easier. 
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Sherrington recommends the following solution 

Methylene blue. 

Sodium chloride. 

Potassium oxalate ..... 
Distilled water. 


1-0 

1-2 

1*2 

300-0 


grammes 

5 ) 

J) 

J) 


For differential counts a mixture of dyes is applied to blood films. 



Fig. 58.— Oliver’s haemacytometer. 


Oliver’s Haemacytometer. —The following method, -devised by 
Dr George Oliver, is a ready way of determining the total number of 
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corpuscles. It is, however, not possible to deterniint* the* relative 
proportion of red and white corpuscles by this nu*arw. 

The finger is pricked, and the blood allowc‘d to How into the small 
capillary pipette (fig. 58, a) until it is full. This is washc'd out by the 
dropping tube b into a graduated flattened test-tube c, with Hayein s 
fluid.^ The graduations of the tube are so adjusted that with normal 
blood containing 5,(X)0,0()() coloured (xjrpusc’les per caitdc: iiiillinieire, 
the light of a small wax candle placed at a distance of 9 feet from the 
eye in a dark room is just transmitted as a fine bright line whc*n lof4v(*d 
at through the tube held edgeways betw(*en the fingers (d) and filled 
up to the 100 mark of the graduation. If the nuinbcT of corpiiscit's 
is less than normal, less of the diluting solution is ri‘c|uirecl for file 



Fic;. 50.—Hiumogbbinometer of Sir W, Cmwm%, 


light to be transmitted ; if above the normal, more cif the fliiyeiifs 
fluid must be added. The tube is graduated, so m to incliciie in piT« 
centages the decrease or increase of corpuscles per cuba! iiiilliiiielre 
as compared with the normal standard of 100 per cent. 

HJSMOaLOBINOMETEES 

Glowers’s H8emoglohmom0ter.~-‘'rhe apparatus consists of two ghiss 
tubes, C and D, of the same D <!0iitaiiih glycerin jelly 

tinted with carmine to a standard colour'-“Vi/.. that of norrrmi bWd 
diluted 100 times with distilled water. The finger is pricked artd *Ml 
cubic millimetres of blood are measured out by the capillary pijMdte II. 

* Sodium Hulphate 5 grammes, aidtiim chloride I gramiiiei iticrctiric rliliirkic 

0'5 gramme, distilled water 200 c.c. 
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HyEMOGLOBINOMETER^ 283 

This is blown out into the tube C, and diluted with distilled water, 
added drop by drop from the pipette stopper of the bottle A, until the 
tint of the diluted blood reaches the standard colour. The tube C 
is graduated into 100 parts. If the tint of the diluted blood is the same 
as the standard when the tube is filled up to the graduation 100, the 
quantity of oxyhaemoglobin in the blood is normal. If it has to be 
diluted more largely the oxyhsemoglobin is in excess ; if to a smaller 
extent, it is less than normal. If the blood has, for instance, to be 
diluted up to the graduation 50, the amount of haemoglobin is only 
half what it ought to be—50 per cent, of the normal—and so for other 
percentages. 



Fig. 60.—^Von Fleischl’s haemometer. 


Haldane’s Haemoglobinometer is more frequently used. Instead 
of tinted gelatin, the standard of comparison is a sealed tube filled 
with a solution of carbonic oxide haemoglobin of known strength. 
This keeps unchanged for years. A stream of coal gas is passed 
through the blood to be examined. This converts all the haemoglobin 
present into carboxyhaemoglobin; this is then diluted with water 
to match the standard. In Sahli’s instrument, a standard solution of 
acid haematin is employed ; this has been stated to keep even better. 

Von Fleischl’s Haemometer.—The apparatus (fig. 60) consists of 
a stand bearing a white reflecting surface (S) and a platform. Under 
the platform is a slot carrying a glass wedge stained red (K) and 
moved by a wheel (R). On the platform is a small cylindrical vessel 
divided vertically into two compartments, a and d, 

Fill' with a pipette the compartment a! over the wedge with 







284 


ESSENTIAI.S OF CHEMICAL PllYSIOLCK^V 


distilled water. Fill about a quarter of the other c'oinpartmeii! (a) 
with water. 

Prick the finger and fill the short ('upillary pifjcttt* provided willi the 
instrument with blood. Dissolve this in the water in conipartnient r/, 
and fill it up with distilled water. Having arranged the rcdlector (S) 
to throw artificial light vertically thrcnigh both c'onipartiiients, look 
down through them, and move the wedge of glass hy tlie milled head 
(T) until the colour in the two is identical. Ri‘ad off the sc*idt% which 
is so constructed as to give the percentage of hantiogloldii. 

Olivers Hamoglobinometer.— Thi method (‘onsists in <*oinparing 
a specimen of blood, suitably diluted with watc*r in a shallow white 
palette, with a number of standard tests very carefully prt*parecl 
by the use of Lovibonefs coloured glasses. Ihe cmpilliuy pipt*Ue 
(fig. 61) is first filled with blood obtained by pricking the finger, lids 
is washed by water by the mixing pipette d into the !)lood cell e ; the 
cell is then just filled with water, and the blood and water thoroughly 
mixed by the handle of c being used as a stirrer. Ihe cover glass is 
then adjusted, when a small bubble should f<»rm, a clear sign lliiil the 
cell has not been overfilled. I'he cell is then placed by the side ot tliet 
standard gradations, and the eye (luickly recT^gnises its approximate 
position on the scale. I’he camera tube provided with tin* itistriimeiit 
will more accurately define it. Artificial liglit should be used. 

If it is proved that the bl(x>d solution i.s niatclu’cl in dc*ptli of (“olour 
by one of the standard grade.s, the observation is at an end ; but if the 
tint is higher than the one grade, l>ut lower than another, llie blood 
cell is placed opposite to the former, and riders (not shown in the 
illustration) are added to complete the observation, llii* standard 
gradations are marked in percentage.^, ICK) per c-ent, being taken im 
normal. 

Specific (Gravity of Blood. --Of the numerous methods itilrocliitt!d 
for taking the specific gravity of fresh blood, that of Hammer- 
schlag is the simplest. A drop of blood from the finger k pliirecl in a 
mixture of chloroform and benzene. If the drop falls, acid cdiiorciforrii 
till it just begins to rise ; if the drop risces, add fienzene till it jiiit begim 
to fall. The fluid will then be of the* same .spec’ific gravity iim the IiIckkL 
Take the specific gravity of the mixture in thtt usual way with iin 
accurate hydrometer. 

Schmalz^s capillary pycnometer is more acTurate. 

POLABISATION OF Limt 

If an object, such as a black dot on a piece of white paper, Lh looked 
at through a crystal of Iceland spar, two black dots will be seen ; and 
if the crystal is rotated, one black dot will move round the otheri which 
remains stationary. That is, each ray of light entering such a crystal 
is split into two rays," which travel through the crystal with different 
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movable image when the crystal is rotated ; the* ordinary laws of 
refraction do not apply to it, and it is callf‘d the ex/rarmUmirv w. 
Both rays are of equal brilliancy. In one direction, however, ihiit of 
the optic axis of the crystal, a ray of light is transmitted without double 

refraction. 

Ordinary light, according to thej wave theory, is due to vibrations 
occurring in all planes, transversely to tlie rlireclion fca the propiigiitiori 
of the wave. Light is said to be plane? polarised when the vibrations 
take place all in one plane, d’he two rays procliutal by double retpic- 
tion are both polarised, one in one pl|ne, the othcT in a pliinc* at right 
angles to this one. Doubly refra<!t!ig bodi(‘s are railed tuiist^intpic ; 
singly refracting bodies, zsotrapie, Tla; (*ffret of pcdar!witic»n may Im* 
very roughly illustrated by a model. 

If a string is stretched as in tlu‘ figure, and then toiic*heci wdth the 
finger, it can he made to vibrate, and the vilirations will tie free to myiir 
from above down, or from side to side, or in any interniefliate posifion. 



Fi<i. I®. 


If, however, a disc with a vertical slit he placed on the roiirMf* of the 
string, the vibrations will all 1 k‘ oliliged to take pli4i!e in a verliriil 
plane, any side-to-side movement being stopped by the edge^ of ilie 

slit 1 (fig. 62). 

Light can be polarised not only liy the action of crystals, but by 
reflection from a surface at an angle which varies for difierent siile 
stances (glass 54® 35', water 52® 45', diamond c|iiart7. 57*' 32', etc,). 
It is also found that certain non-crystalline sulistiira^es, such m iiiiisrle, 
cilia, etc., are doubly refracting. 

NicoFs Prism is the polariser usually employed in iiolarkcopes ; it 
consists of a rhombohedron of Iceland spar divided into two by a mtetion 
through its obtuse angles. The cut surfaces are polislM!cI iind crenieiited 
together in their former position with Canada balMfii. By tliw means 
the ordinary ray is totally reflected through the Canada bakitiii; the 
extraordinary ray passes on and emterges in a direction parallel to tht* 
entering ray. In this polarised ray there is nothing to render its 
peculiar condition visible to the naked eye ; but if the eye is aided by 

^ Such a model is, of course, imj>erfect; it does not, for liifiUiucr, reprcm’nl ihr 
.splitting of the ray into two, and moreover the polariwtilciii plaee on iticli 
side of the .slit; whereas, in regard to light, it ii only the niy% ois one mh uf a 
polariser, vi/.. those which have pasted thrcmgli It, which are p»ltf 
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a second NicoFs prism, which is called the analyser^ it is possible 
to detect the fact that it is polarised. 

This may be again illustrated by reference to our model (fig. 63). 

Suppose that the string is made to vibrate, and that the waves travel 
in the direction of the arrow. From the fixed point c to the disc a, the 
string is theoretically free to vibrate in any plane; ^ but after passing 
through the vertical slit in the vibrations must all be vertical also; 
if a second similar disc b be placed further on, the vibrations will also 


h 



pass on freely to the other extremity of the string d, if as in the figure 
(fig. 63) the slit in b is also placed vertically. If, however, b is so placed 
that its slit is horizontal (fig. 64) the vibrations will be extinguished on 
reaching and the string between b and d will be motionless. 

c here represents a source of light; the vibrations of the string 
represent the undulations which by the NicoFs prism a are polarised 
so as to occur in one plane only; if the second NicoFs prism or the 
analyser b is parallel to the first, the vibrations will pass on to the eye, 


ct Z 



which is represented by d \ but if the planes of the two nicols are at 
right angles, the vibrations allowed to pass through the first are 
extinguished by the second, and so no light reaches the eye. In 
intermediate positions, b will allow only some of the light to pass 
through it. It must be clearly understood that a NicoFs prism con¬ 
tains no actual slits, but the arrangement of its molecules is such that 
their action on the particles of ether may be compared to the action 
of slits in a diaphragm to vibrations of more tangible materials than 
ether. 

^ The imperfection of the model has been explained in the preceding footnote. 
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The Polarising Microscope consists of an orcliimry niifToscopc* 
with certain additions | below the stage is th(* polarising nic*oI ; in thct 
eye-piece is the analysing nicol; the eye-picce is so arranged that it 
can be rotated ; thus the directions of the two nic^ols c'lin l)c made 
parallel, and then the field is l)right; or crosscal, and then the field 
is dark. The stage of the mkTosc'ope is arningc*ci so that it ran also 
be rotated. 

The polarising microsc^ope i.s used to deU‘ct doiildy riTracling 
substances. Let the two nicols !)C‘ c*ross(‘d, so that the ficdd is dark ; 
interpose between the two, that i.s, plac’c? upon the* stage of the inicTo- 
scope, a doubly refracting plate of which the prineipal plane is parallel 
to the first prism or polari.scT ; the ray from the first prism is unal!e(1f*d 
by the plate, Init will be extinguished by thc‘ second ; the field, there 
fore, still remains dark. If the plate; is parallel to the .second nicol 
the field is also dark ; but in any intermediate position tia* light will 
be transmitted by the .s(‘rond nicol In r>ther words, if i>etween 
two crossed ni(!ols, which conse(|uently give a dark field, a sub¬ 
stance is interposed which in ca*rtain positions clauses the darkness 
to give place to illumination, that substance* is doubly refracting or 
anisotropic. 

All crystals except those of the regular systeaii are anisotropic, 
whilst amorphous sub.stance.s are* i.sotrf)pir, (). Lehmann has, however, 
discovered an intermediate stage between anisotropic* solid rrystals 
and their isotropic fused condition. In this slate certain substiiriceB, 
such as cholesterol compounds, ok'ates, are anisotroffic*, but 

completely fluid. He called this the; licpik! cTystallinc* slate of matter 
(see also p. 38). 

Eotation of the Plane of Polarisation, ('ertairi cTysiiiIs such ns 
those of quartz, and certain fluids siK*h as the* essence of turpetif Inc, 
aniseed, etc., and solutions of c*r*rtain .siihstanres such m sugar 
and albumin, have the power of rotating the plane of polarked light 
to the right or left. The polarisation of light whiHi is procliK*f*cI by a 
([uartz crystal is different from that prodnc'cd by ii rlioriifioheciron of 
Iceland spar. The light which passes througli the latter in plant.* 
polarised; the light which passers through the former (f|iiartz) is 
circularly polarised, $\e, the two suf)-rays are made up of vibriitbiB 
which occur not in a plane, but are curved. The two rays me circularly 
polarised in opposite directions, one c!es<‘riliing circles to the left, the 
other to the right; these unite on i.ssuing from the cfuartz plate ; and 
the net result i.s a plane polarised ray with the plane rotated to right 
or left according as the right circularly polarised ray or the left proceeded 
through the quartz with the greater velcxaty. There are two kinds of 
quartz, one which rotates the plane to the right (dextrorotatory), the 
other to the left (laevo-rotatory). 

Gordon explains this by the following mechanical illuitration* 
Ordinary light may be represented by a wheel travelling in the direction 
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of its axle, and the vibrations composing it are executed along any 
or all of its spokes (a). If the vibrations all take place in the same 
direction, z.e. along one spoke, and the spoke opposite to it (^), the 
light is said to be plane polarised. The two spokes as they travel along 
in the direction of the arrow will trace out a plane (see fig. 65) between 
If and 3'. If this polarised beam is made to travel now through a 
solution of sugar, the net result is that the plane so traced out is twisted 
or rotated ; the two spokes, as in 33', do not trace out a plane, but we 
must consider that they rotate as they travel along, as though guided 
by a spiral or screw thread cut on the axis, so that after a certain 
distance the vibrations take place as in 3", later in 3'", and so on. 
This effect on polarised light is due to the molecules in solution, and the 
amount of rotation will depend on the strength of the solution, and on 
the length of the column of the solution through which the light passes, 
or in the case of a quartz plate, on its thickness. 



Fig. 65. 


If a plate of quartz is interposed between two nicols, the light will 
not be extinguished in any position of the prisms, but will pass through 
various colours as rotation is continued; the rotation produced for 
different kinds of light being different, white light is split into its 
various constituent colours ; and the angle of rotation that causes each 
colour to disappear is constant for a given thickness of quartz plate, 
being least for the red and greatest for the violet. These facts are 
made use of in the construction of polarising instruments. 

POLABIMETERS 

Polarimeters are instruments for determining the strength of solu¬ 
tions of sugar, albumin, etc., by the direction and amount of rotation 
they produce on the plane of polarised light. They are often called 
saccharimeters, as they are specially useful in the estimation of sugar. 

The following is the one most frequently employed at the present 
time. 

Laurent's Polarimeter.—Instead of using daylight, or the light 
of a lamp, monochromatic light (a sodium flame produced by volatilis¬ 
ing common salt in a colourless gas flame) is employed ; the amount 
of rotation varies for different colours ; and observations are usually 
recorded as having been taken with light corresponding to the D or 
sodium line of the spectrum. The essentials of the instrument are a 
polariser, a tube for the solution, and an analyser. The polarised light 

10 
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before passing into the solution traverses a (|uarl/. plate, whirh, liow™ 
ever, covers only half tint field, and retards the rays passing through 
it by half a wave-length. In the* (T position the* two halvt^s of tht‘ field 
appear equally illuminated ^: in any other position, or if n»lati<ai has 
been produced by the solution when the nic^ols have* set at zero, 
the two halves appear une<iually illuminated, 'flu* amount of rotation 



IMI.—I.ati«rn% |'«l»rlfti«|rr. 


produced by the solution is ascertained tiy rotating the itnalyser iinlil 
the two halves of the ficild are once more ec|ually ilkmiiiiatecL I’his 
is measured in degrees by a scale and vernier attachcfd to the iimlrit- 

ment; 

The specific rotatory power of any suhstance is the iiinount of 
rotation in degrees of a circle of the plane of polarised light procltired 
by 1 gramme of the substance dissolved in 1 c‘.c. of liquid exiirtiined 
in a column 1 decimetre long. 

* In the most <li*licate insltumenls the field is divided into iliree |mrl% or into 
two concentric circles. 
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If if rcAalic^n c)!)serve(l. 

Wi weight in gramines nf the* sul)stance j)(*r (‘ubi(^ centimetre. 

/ length of tub(‘ in decimetre.s. 

: spi*c*ifi(* rotation for light with wave-length corre.sponding 
to the I) line (sodium flame) at temperature t. 

d'hen fa];,. ± 

In this formula f indkaite.s that the substance is dextro-rotatory, 
~ that it is he VO-rotatory. 

If, on th«^ other hand, [a|f is known, and we wish to find the valiui 
of w, then 

and thc! percentage amount is p = 

|a|j, X / LTlij ^ ^ 

If for t!xample we find the rotation of a urine in a 2-decimetrc tube = 
f 202'’' and the fa|;, of glucose is 53'", then 

^ 2*12x100 

» sar =£3 / 

^ 53 X 2 

that is, the urine contains 2 per cent, of glucose. 

EELATION BETWEEN CIEOULAE POLAEISATION AND 
CHEMICAL CONSTITUTION 

Idle first work in this direction was performed by Pasteur, and it 
was his publications on this sufiject that firought him into prominenexu 
Hc‘ found that raccmiic acid, which is optically inactive, (’an be decom¬ 
posed into two is(imericles, one; of which is cTunmon tartaric aedd whic^h 
is dcxtrccrotatory, and tlic other tartaric acid differing from the common 
variety in being hevo»rotatory. I'he salts of tartaric’ acid usually 
exhibit hcmihi'clral fac(‘s, while those of racemic acid arct holohedral. 
Piisteur found that, although all the tartrate crystals were hemihcdral, 
the hc*mihcdral fiw’cs were situated on some crystals to the right, and on 
others to the left hand of the ol>server, so that one formed, as it were, 
the reflected image of the other. These crystals were separated, purifiecl 
liy recrystiillisation, and those* whicdi exhibited dextro-hemihcclry pos¬ 
sessed dextro-rotatory pow(‘r, while the others were kevo-rotatory. 
Pasteur further showed that if the mould Penidilium glaucum is grown 
In a solution of rac*emic acid, dextro-tartaric acid first disappears, and 
the !awo-ac*icl alone remains. The subject remained in this condition 
for many years; it was, however, conjectured that probalily there is 
some molecular condition corresponding to the naked-eye crystallinct 
appearances which prociuc*es the opposite optical effects of various 
substances. What this molecular structure is, was pointed out inde- 

pimdently by two observers-.--Le Bel in Paris, and Van’t Hoff in 

Holland—who published their researches within a few clays of each 
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Other. They j)()inte(l out that all optically active !)o<iies contain one 
or more asymmetric carbon atoms, />. one or more atoms oi c*arbon 
connected with four dissimilar atoms or groups of atoms, as in the 
following examples :■ - 

C,H, CT).()H 


CH,.OH Clh 

[amylalcohdil •« »M 

The (luestion, however, remained do all sul)stanrc‘s c*(attaining 
such atoms rotate the plane of polarised light ? It was found that they 
do not; this is explained by Le Bel by supposing that th(*,se, like rac:eniic* 
acid, are compounds of two molecules ^one dextrcc, the* other la!Vo- 
rotatory ; that this was the case was demonstrated by growing moulds, 
the enzymic action of which is to separate tlie two inoleriilc's in que-stion. 

Then the other c|iie.sticin how is it 
B ^ that two isomerides, which in chemicml 

c!haracteristics, in graphic ns well^ as 
empirical formulne, are precisely idike, 
differ in optical properties ? -4% ex¬ 
plained ingeniously hy Vitidt Iloff. 
He compares the carl)on atom to a tetrahedron with ItH four dis¬ 
similar groups, A, B, C, I), at the four corners. 'Fhc* two tetrahecirii 
represented in fig. 67 appear at first sight precisely alike; tint if om* 
be superimposed on the other, C in one and D in the other ctiiild 
never he made to coincide. This difference ciinncit be represented 
in any other graphic manner, and pn>l>al)ly represents the difference 
in the way the atoms are grouped in the molecade of right- and left- 
handed substances respectively. 


THE MEEOUBIAL AIR-EIJMP (BAEOEOFT’S MODIPIOATIOH) 

The instrument consists essentially of the following parts: (1) a 
small bulb or tube for measuring the amount of blood to be analysed ; 
(2) a vacuous chamber. When the part of the apparatiis from 2 to 4 
(fig. 68) is rendered vacuous, the blood is emptied from I into 2, iiiitl 
is then kept continuou.sly boiling by means of a waterdMith (C) arriiind 
its lower portion. A condenser (D) pac,!ked witli Ice siirrotincls the 
upper part. There is always a stream of acfuecms vapour I’arrying 
the boiled-out gases to the top of the chamber ; the vapour is ctindenscd 
and returns to the hl<x)d as drops of water, while the gasi*s are free to 
go into the vacuous pump. In doing so they pass through the 
drying chamber, which contains sulphuric acid. So riiuc‘li cif the giis-cs 
as has expanded into the pump (4) can then tie expelled by lifting the 
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mercury bottle (A), which is connected by strong rubber tubing to the 
glass tube F. In the figure only the attachments of the rubber tube 



Fig. 68.—Mercurial air-pump for obtaining the 
gases of the blood (diagrammatic). 


are shown. The mercury is pre¬ 
vented by a valve (V) from going 
backwards to the drying chamber; 
it expels the gases down the tube B 
into a eudiometer tube (E) in which 
they are collected for measure¬ 
ment and analysis. After boiling 
for a considerable time, a few 
exhaustions with the pump are suf¬ 
ficient to deliver all the gases which 
have boiled off from the blood into 
the eudiometer tube. 



Fig. 69.—Barcroft’s differential 
apparatus. 


BAEOBOFT’S DIFFEEENTIAL APPAEATUS FOE 
ANALYSIS OF BLOOD GASES 

The differential method of blood-gas analysis may be used for the 
measurement either of the quantity of oxygen which the blood gives 
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off when treated with ferricyanidc; of [jotas.siuin (s<‘e p. Id4), t>r tn 
measure the amount of oxygen whudi partially rediuHni filuod will 
absorb. The blood for analysis is plac'(*d in one !)ottl{;; a c-ontrni 
fluid is placed in the oth(;r, and as the two aac* subjected to tiu* haine 
changes of temperature, vapour prc‘ssurc‘, etc*., these* factors an* 
eliminated. 

The apparatus consists of two I)otlles of c*c|ual size.* emmeded with 
one another by means of a manom(‘t(‘r filled with clovct oil. 'The* 
bottles should be of about 25 <*.(*. eaf)aeity. Tlu* stoppf‘r of tlie bottle 
is prolonged into a small cup capabk* of holding potassium ferricyanide. 
From the stopper a straight tube leads, the* bore of which is ncjt .so .small 
as to ])reclude its being cleaned with a pipe c*leaner. At the jundiem 
of this tube with the manometer is a thn*eway tap. I’he studetit 
should make himself familiar with the mc*c*hanism of the taj#; it 
contains a T boring ; usually there is a sjiot on the handle* of the tap 
corresponding to the dependent liml) of the T, 

The tap will be spoken of as open wht*n tlu* bottk*^ and the mance 
meter communicate with the external air, and shut win*!! the bottles 
communicate with the manometer. 'Flu* whole is mounted on a htiiiicl 
furnished with a clip, by means of whiedt it can hang on the side cd* a 
water-bath. The sucxress of the suli.sec|uent analyse*^ dc^pends upon 
the cleanness of the glass of the manometer when the oil is put into it. 
It should be chemically (dean and dry. The* utmost cxire must be taken 
that water does not get into tlu* manometitr. 

The oil is best put in with a fine plpcdte. For this purpose the 
stopper on the left side is removed ; that on the right is turned ho m 
to cut the manometer off from the external air and the air of llie ladtlc*. 
I'he oil is introdiuxxl on the left side. The end of tlu* pipette should 
penetrate as far as the bend in the tulung at the top of the stand. When 
as much oil as is judpd necessary, or a little more, has been put in, 
the tap on the right side is opened and the oi! allowed to sink into the 
capillary portion of the manometer till the nieniMnis reacdieii the zero 
on the right side. All superfluous oil should then be removed from 
the top of the left tube with a little sponge? mounted on a wirc\ 'Fhe 
right tap may then be oijcnecl again, and the oi! allowed to find its own 
level. 

Calibration of thk AFt»ARATir.H 

The volume of gas given off (or ahsorlied) in the appamlim bears a 
direct ratio to the difference of pressure set up in the iiiiinometer. 
Supposing, then, that €/ is the volume of gas given off, and / the 
difference of pressure, 

The calibration of the instrument consists in finding the value of 
the constant K. 

This is best done by liberating a known (piantity of gas in the 









BARCROFT's DIFFERENtlAL APPARATUS 


295 


apparatus and observing the pressure produced; p and v are then 
known 

and K = 

P 

The best way of evolving a known quantity of gas in the apparatus 
is to liberate oxygen from a titrated solution of pure acidulated hydrogen 
peroxide by mixing potassium permanganate with it. 

The solutions necessary are : (1) a decinormal solution of perman¬ 
ganate ; (2) some “ 20-volume hydrogen peroxide; and (3) sulphuric 
acid. If the “ 20-volume ” hydrogen peroxide is of full strength, 
5 c.c. of it may be made up to 1000 c.c. (Ultimately 1 c.c. of the 
diluted peroxide should give off about 0-2 c.c. of gas, but it must be 
borne in mind that only one-half this quantity comes from the peroxide, 
the other half from the permanganate.) 

KgMngOs + 3 H 2 SO 4 = K 2 SO 4 4- 2MnS04 + 5 H 2 O 4-50 

[316 gr.] 50 4- 5 H 2 O 2 = 5 H 2 O 4- 5 O 2 [111 litres] 

or 1 c.c (0*00316 gr.) permanganate = 1*11 c.c. of oxygen. 


Titrate 50 c.c. of the dilute peroxide, mixed with excess of sulphuric 
acid, with the permanganate. About 8-10 c.c. of the permanganate 
should be required for the titration if the peroxide is of suitable strength. 
If it proves to be too weak, as is often the case, a fresh solution must 
be made up. 

Suppose 8*7 c.c. of K2Mn208 are necessary to reach the end-point 
(pink colour) in the titration of 50 c.c. of acidulated H 2 O 2 , then 1 c.c. 

of H 202 = ^ "^ = 0*193 c.c. of oxygen at normal temperature and 

ou 


pressure (N.T.P.). 

Suppose the barometer to be 763 mm., the thermometer to be 15° C., 
the gas will be somewhat greater in volume than at N.T.P., and will be 


^•193 = 0-202 c.c. 

273 763 


[0° C. is 273° above absolute zero, and 15° C. is therefore 288°]. 

If then the gas when liberated from the 1 c.c. of peroxide in the 
apparatus be called 

-0*202 c.c. 


Into each bottle put 1 c.c. of the peroxide and 2 c.c. of N/lOO sul¬ 
phuric acid. Into the cup in the left stopper put 0*3 c.c. of potassium 
permanganate, and a little piece of filter-paper to cover the orifice. 

In the right cup put 0*3 c.c. of water and filter-paper. Put the 
bottles on the stoppers. 

\Be careful that the taps are always open when the bottles are being 
put on and taken offl\ 
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Hang the apparatus on the water-laith for five niinuirs, then shut 
the taps ; read the level of the fluid on mvh sidt* (suppoM! it to lie 1(}*CI 
and 10*05); if it remains constant fr>r a minute c»r upset the per¬ 
manganate into the hydrogen peroxide and shake for one minute. 
At the end replace the apparatus on the bath, and after two ininutcss 
more read again. The levels may be 7*0 and 13*05, Hhiikt* again for 
a minute and read two minutes later ; the levels may now lie 6*9 imc! 
13*15, at which they remain on subsequent shaking. 

The side with the permanganate has 

sunk from.10*0 to 6*9 '--3*1 rrn. 

The other side has risen from . . 10*f)5 to 13*15 -..3*1 cm. 


6*2 nil. 

Then /«6*2. = 0*202. 

K-®-=-()-0326. 

P 

The fluid in the bottle should be pink, with excess of peririaiigiiriiile 

at the end. 

Another method of calibration is described by Hoffiriann {/mrnai 
of Physiology^ 1913, voL xlvii., p. 272). I'he following three excTcifies 
illustrate how the instrument may be employed in physblogicul work : 


Determination of the Oxyc;kn CAPAriTY or IIlcjoii 


Into each bottle put 1 c.c. of blood which has been thoroughly 
shaken with air (an ordinary 1 cx. pipette delivers about 0*96 c.e. of 
blood) and 2 cx. of ammonia solution (I c.r. coneentnited iitimonia 
made up to 250 c.c. with distilled water). Shake so iis to thciroughly 
lake the blood. Put 0*3 c.c. of ferricyanidc* into the cup of one stopfier, 
and, if necessary, a slip of filter-paper. Grease the niopinm, and put 
on the bottles—hmig the apparatus on the water-bath and proceed as 
in the above example. Suppose the final difference of pressure* to be 
5*8 cm., the amount of gas given off will be : 

5*8 X 0*0326 «0*193 c.c. at 15® C. and 763 mm. barometric preisiirc?. 

If this were given off by 0*96 c.c. of blood, the oxygen capacity would 
be obtained by correcting for temperature and pressure : 


0*193 273 763 

0-96 288^760 


0-190 c,c. at N.T.P. 


Determination of Oxygen in Unsaturatko Buiod 

Place 2 c.c. of the dilute ammonia in each bottle. Take 1 c.c. of 
blood that is venous in colour ^ in a pipette, put the end of the pipette 
under the surface of the ammonia, and deliver the blood gently into 

^ On no account should fktale Wo^mI ht used. 
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the bottle so that it lies as a layer underneath the clear solution of 
ammonia. Into the other bottle similarly deliver 1 c.c. of blood which 
has been thoroughly saturated with air. Put the bottles on to the 
stoppers, and with the taps open hang the apparatus on the bath. 
After five minutes close the taps, and if the zero remains constant, read, 
and then shake the apparatus as above. The oil will, of course, rise 
on the side of the unsaturated blood. The shaking should be carried 
out so as to dirty the cups as little as possible. 

Suppose the ultimate difference in level is 2T cm. Now, remove the 
bottle, which contains the fully oxygenated blood, put ferricyanide into 
the cup, replace the bottle, and determine the total oxygen capacity of 
the blood in it. 

Suppose the final reading with ferricyanide to be as before, 5*8 cm., 
the student will now have at his disposal two determinations : (1) the 

5 .3 _ 2 *1 

percentage saturation, which is ^ x 100 = 81 per cent., and (2) 

5*8 

the actual quantity of oxygen that was in 1 c.c. of the unsaturated blood, 

81 

namely, 81 per cent, of the total oxygen capacity, 0*189 x ^qq 

Standardisation of the Gowers-Haldane Hai:moglobinometer 

A Gowers-Haldane hsemoglobinometer should indicate 100 when 
the oxygen capacity is : 

1 c.c. of blood = 0*185 c.c. oxygen at N.T.P. 

To test this it is only necessary to measure the oxygen capacity of the 
blood with the differential apparatus (it is best to use ox or sheep’s 
blood) and at the same time to determine the oxygen capacity of the 
same blood with the hsemoglobinometer. 

The cheaper forms of Gowers’s hasmoglobinometer when old will be 
found often to differ very much from the theoretical value : it is there¬ 
fore desirable that they should be tested. 

HALDANE’S APPARATUS FOR GAS ANALYSIS 

The apparatus consists of an accurately graduated gas-burette A, 
provided with a threeway tap at the top. This is surrounded by a 
water jacket. It is connected by rubber tubing with the levelling tube 
B ; this and the burette contain mercury. When the levelling tube 
is raised, A is filled with mercury; when it is lowered the mercury 
falls in A, and the air to be analysed then is allowed to enter it by 
one (x) of the connections at the top. The other connections of the 
tap connect the burette with absorption pipettes, into which the air 
can be driven by raising B, The absorption pipette E is filled with 
20 per cent, caustic potash, and is connected with a movable reservoir, S, 
by black rubber tubing. The absorption pipette F is filled with an 

10 a 



298 


ESSENTIALS OF CHEMICAL PHYSIOLOGY 


alkaline solution of pyrogallic acid (10 gr. of pyrogallic acid to 100 c.c. 
of saturated caustic potash). This is introduced through the tube 
K. G and H are partly filled with strong potash solution, which protects 
the pyrogallate solution from the air. The pressure in the burette is 
adjusted by using the potash pipette as a pressure gauge and bringing 
the potash before every reading of the burette to the mark M. 

In order to make the readings of the burette independent of changes 
in temperature, barometric pressure, and percentage of moisture during 
the analysis, a control tube N stands beside the burette in the water 
jacket; the threeway tap at P makes it possible to equalise the pressure 



Fig. 70.—Diagram of Haldane’s apparatus for air analysis. 


in N with that of the atmosphere ; by means of the T-tube O the potash 
solution is brought into connection with N, and the potash is adjusted 
to the mark R by raising or lowering S, P being open to the air. P 
is then turned, so that the control tube N is connected with the potash 
tube only, and is not again opened until the analysis is complete. Each 
time a reading of the burette is made, the potash is brought to the mark 
R by raising or lowering S. The potash in the absorption pipette is 
then brought to the mark M by adjusting the levelling tube B. In 
this way variations of temperature and pressure are compensated for 
by mechanical means. The lower part of the control tube N is kept 
full of water ; and the gas-burette must have its inner surface wet; 
the water used for moistening the inner surface of the burette should 
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be slightly acidulated with sulphuric acid. The acidified water is 
introduced through the free limb of any tap, excess being expelled by 
raising the levelling tube B. By this means the air in the burette and 
in the control tube is always kept saturated with moisture. 

In the complete apparatus, a combustion pipette is added also (to 
estimate carbon monoxide, methane, etc,), but in air analyses, where 
one has only to deal with oxygen, nitrogen, and carbonic acid, this is 
not necessary.^ 

In such an analysis the apparatus must first be filled with nitrogen ; 
if the apparatus is used for a succession of analyses, a supply of nitrogen 
is left at the end of each. If not, the air in the apparatus should be 
freed from oxygen and carbonic acid by passing it into the pyrogallate 
and potash pipettes respectively. The next step is to bring the pyro- 
gallate and potash to the marks D, R, and M. The tap closing the 
control tube N is then closed. The sample of the air to be analysed 
is then introduced into the burette by lowering the levelling tube ; and 
the tap is turned so as to connect the burette with the potash pipette. 
The opening of the tap will probably slightly disturb the level M, at 
which the potash previously stood, and the potash level at R may also 
shift a little. The potash level is exactly adjusted to R by raising or 
lowering S ; and the exact levelling to the mark M is adjusted by 
raising or lowering B. The burette is then read to give the total 
volume of air introduced into the apparatus. The air is then driven 
into the potash pipette by raising B ; it is then brought back again 
by depressing B, and this is repeated until, on measuring the gas, 
there is no further diminution in volume; probably half a dozen times 
will be sufficient; the reading must always be taken when the potash 
levels are at M and R. The diminution of volume gives the amount 
of carbonic acid. The burette is then connected with the pyrogallate 
pipette, and the air driven over into it several times in the same way; 
some oxygen, however, will still be left in the connection between M 
and the tap, so this connection is washed out by passing the gas into 
the potash pipette and back, and then into the pyrogallate pipette 
twice. Finally, the levels at D, R, and M are adjusted, and the reading 
indicates the volume of oxygen absorbed. 

SOLUTIONS—DIFFUSION-^DIALYSIS—OSMOSIS 

The investigations of physical chemists have given us new concep¬ 
tions of the meaning of the words that stand at the head of this, 
section. I propose to state what these conceptions are and briefly 
to indicate the bearing they have on the elucidation of physiological 
problems. 

Solutions. —Water is the fluid in which soluble materials are 
usually dissolved, and at ordinary temperatures it is a fluid, the mole- 

1 For full details see Methods of Air Analysis^ by J. S. Haldane. 



300 


ESSENTIALS OF CHEMICAL PHYSIOLOGY 


cules of which are in constant movement; the hotter the water the more 
active are the movements of its molecules, until, when at last it is con¬ 
verted into steam, the molecular movements become much more ener¬ 
getic. Perfectly pure water consists of molecules with the formula HgO, 
and these molecules undergo practically no dissociation into their 
constituent atoms, and it is for this reason that pure water is not a 
conductor of electricity. 

If a substance such as sugar is dissolved in the water, the solution 
still remains incapable of conducting an electrical current. The sugar 
molecules in solution are still sugar molecules; they do not undergo 
dissociation. 

But if a substance such as salt is dissolved in the water, the solution 
is then capable of conducting electrical currrents, and the same is true 
for most acids, bases, and salts. These substances do undergo dis¬ 
sociation, and the simpler materials into which they are broken up in 
the water are called ions. Thus if sodium chloride is dissolved in 
water, a certain number of its molecules become dissociated into sodium 
ions, which are charged with positive electricity, and chlorine ions, 
which are charged with negative electricity. Similarly a solution of 
hydrochloric acid in water contains free hydrogen ions and free chlorine 
ions. Sulphuric acid is decomposed into hydrogen ions and ions of 
SO 4 . The term ion is thus not equivalent to atom, for an ion may be 
a group of atoms, such as SO 4 , in the example just given. 

Further, in the case of hydrochloric acid, the negative charge of the 
chlorine ion is equal to the positive charge of the hydrogen ion ; but 
in the case of the sulphuric acid, the negative charge of the SO 4 ion is 
equal to the positive charge of two hydrogen ions. We can thus speak 
of monovalent, divalent, trivalent, etc., ions. 

lons charged with positive electricity are called kai-ions because 
■ they move towards the kathode or negative pole; those which are 
charged with negative electricity are called an-ions because they move 
towards the anode or positive pole. The following are some examples 
of each class ;— 

Kat-ions. Monovalent: H, Na, K, NH 4 , etc. 

Divalent: Ca, Ba, Fe (in ferrous salts), etc. 

Trivalent: Al, Bi, Sb, Fe (in ferric salts), etc. 

An-ions. Monovalent: Cl, Br, I, OH, NO 3 , etc. 

Divalent: S, Se, SO4, etc. 

Roughly speaking, the greater the dilution the more nearly com¬ 
plete is the dissociation, and in a very dilute solution of such a substance 
as sodium chloride we may consider that the number of ions is double 
the number of molecules of the salt present. 

The ions liberated by the act of dissociation are, as we have seen, 
charged with electricity, and when an electrical current is led into such 
a solution it is conducted through the solution by the movement of 
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the ions. Substances which exhibit the property of dissociation are 
known as electrolytes. 

The conception of electrolytes, which we owe to Arrhenius, is 
extremely important in view of the question of osmotic pressure which 
we shall be considering immediately; because the act of dissociation 
increases the number of particles moving in the solution and so increases 
the osmotic pressure, for in this relation the ion plays the same part as a 
molecule. 

The liquids of the body contain electrolytes in solution, and it is 
owing to this fact that they are able to conduct electrical currents. 

Another physiological aspect of the subject is seen in a study of the 
action of mineral salts in solution on living organisms and parts of 
organisms. Many years ago Ringer showed that contractile tissues 
(heart, cilia, etc.) continue to manifest their activity in certain saline 
solutions. Indeed, as Howell puts it, the cause of such rhythmical 
action is the presence of these inorganic substances in the blood or 
lymph which usually bathes them. In the heart, the sinus, or venous 
end of the heart, is peculiarly susceptible to the stimulus of the in¬ 
organic salts, and the rhythmical peristaltic waves so started travel 
thence over the rest of the heart muscle. 

Loeb and his fellow-workers have confirmed these statements, but 
interpret them as ionic action. Contractile tissues will not contract 
in pure solutions of non-electrolytes (such as sugar, urea, albumin). 
But different contractile tissues iffer in the nature of the ions which 
are most favourable stimuli. Thus cardiac muscle, cilia, amoeboid 
movement, karyokinesis, cell division are all alike in requiring a proper 
adjustment of ions in their surroundings if they are to continue to act, 
but the proportions must be different in individual cases. 

In the heart, sodium ions are the most potent in maintaining 
the osmotic conditions that lead to irritability and contractility; but 
a solution of pure sodium chloride finally throws the heart into a 
condition of relaxation: hence it is necessary to mix with it small 
amounts of calcium ions to restrain this effect; potassium chloride, 
the third salt in Ringer’s or Locke’s fluids, also favours relaxation 
during diastole. Calcium is the chief ion which produces contraction, 
and by itself produces intense tonic contraction (calcium rigor). 

Loeb at one time considered that the process of fertilisation was 
mainly ionic action, but his later experiments on artificial partheno¬ 
genesis have shown that the first change produced by his reagents on 
the egg-cells of sea urchins and similar animals is the separation of a 
membrane from their surface ; this is caused by fatty acids, saponin 
and other haemolytic agents : this superficial cytolysis stimulates the 
egg to commence cleavage, but that process soon ceases ; if, however, 
oxidation is brought about by immersing the egg in hypertonic sea- 
wafer for a short time, cleavage continues and well-formed larvae are 
produced. The spermatozoon has apparently a similar double action ; 
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it produces membrane formation f)ossil)ly !)y a fatty arid it carries, 
and then, having penetrated the mem!)rane, sets up oxidation (’hiingc*s 
by means of oxidases. In addition to this, c!crtain changes may be 
produced by other enzymes in the spcrmatoz.oon. 

CStramme-molecular Solutions.—From the point of view of osinolie 
pressure a convenient unit is the gramme-mr>k?cuk‘. A gramme*- 
molecule of any substance is the c|uantity in grammes of that sul>- 
stance equal to its molecular weight. A gninimc*»molc*rular .solution 
is one which contains a gramme-molecule of the sul)stance per litre?. 
Thus a gramme-molecular solution of sodium cdiloride is oni* whi(*h 
contains 5846 grammes of sodium chloride? (Ka-*23*CMI; Cl-■3546) 
in a litre. A gramme-molecular solution of glucose is 

one which contains 180 grammes of glucose in a litre. A gramme” 
molecule of hydrogen is 2 grammes by weight of hydrogen, and 
if this were compressed to the volume of a litre it would be romparahle 
to a gramme-molecular solution. It therefore follows that a litre 
containing 2 grammes of hydrogen contains tin.* samt? numlKT of riiolc'* 
cules of hydrogen in it as a litre of a .solution containing 5H‘46 grammes 
of sodium chloride, or one containing IHO grammes of gliirost* has in it 
of salt or sugar molecules respectively. IVj put it another way, the 
heavier the weight of a molecule; c^f any suhstaiaa? the* more of that 
substance must be dissolved in the litre to obtain its gratiimcMtioleruliir 
solution. Or still another way : if solutions of various substances are 
made all of the same strength |)er cent., the solutions of the materials 
of small molecular weight will contaiti more molecailes of those miiti?rials 
than the .solutions of the materials whic*h have heavy We 

shall sec that the calculation of osmotic pressure depends on these facts. 

Diffusion, Dialysis, Osmosis.- If two gases are brought together 
within a closed space, a homogeneous mixture of the two is j4fM)n 
obtained. This is due to the movements of the giiseoiis molecules 
within the space, and the process is called diffusiini. In a similrir 
way diffusion will effect in time a homogeneous mixture of two liqiiicls 
or solutions. If water is carefully poured on to the siirbwx; of a solution 
of salt, the salt or its ions will soon be equally clistrllnited throughout 
the whole. If a solution of allmmin or any cither et^Umdal siibstanca? 
is used instead of salt in the experiment, diffusion will 1 m; found to cKXur 
much more slowly. If, instead of pouring water on to tlic surface of 
a solution of salt or sugar, the two arc separated by a iiicfmbrane made 
of such a material as parchment paper, a similar diffusion will occur, 
though more slowly than in cases where the iTiemI>rane is absent. In 
time, the water on each side of the membrane will contain the same 
quantity of sugar or salt. Substances which pass through such 
membranes arc called crystalloids. Substances which have such large 
molecules (starch, protein, etc.) that they will not pass through such 
membranes are called colloids. Diffusion of substances in solution 
in which we have to deal with an intervening membrane is usually 
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called dialysis. The process of filtration ij.e, the passage of 
materials through the pores of a membrane under the influence of 
mechanical pressure) may be almost excluded in such experiments by 
placing the membrane (M) vertically as shown in the diagram (fig. 71), 
and the two fluids A and B on each side of it. Diffusion through 
a membrane is not limited to the molecules of water, but it may occur 
also in the molecules of certain substances dissolved in the water. But 
very few if any membranes are equally permeable to water and to 
molecules or ions of the substances dissolved in the water. If in the 
accompanying diagram the compartment A is filled with pure water, 
and B with a sodium chloride solution, the liquids in the two compart¬ 
ments will ultimately be found to be equal in bulk as they were at the 
start, and each will be a solution of salt of half the original strength 
of that in the compartment B. But at first the volume of the liquid 
in compartment B increases, because more water 
molecules pass into it from A than salt molecules 
pass from B into A. The term osmosis is gener¬ 
ally limited to the stream of water molecules 
passing through a membrane, while the term 
dialysis is applied to the passage of the molecules 
in solution in the water. The osmotic stream of 
water is especially important, and in connection 
with this it is necessary to explain the term 
osmotic pressure. At first, then, - osmosis (the 
diffusion of water) is more rapid than the dialysis 
(the diffusion of the salt molecules or ions). The 
older explanation of this was that salt attracted 
the water, but we now express the fact differently 
by saying that the salt in solution exerts a certain 
osmotic pressure : the result of the osmotic pres¬ 
sure is that more water flows from the water side to the side of the 
solution than in the contrary direction. The osmotic pressure varies 
with the amount of substance in solution, and is also altered by 
variations of temperature, occurring more rapidly at high than at low 
temperatures. 

If we imagine two masses of water separated by a permeable mem¬ 
brane, as many water molecules will pass through from one side as 
from the other, and so the volumes of the two masses of water will 
remain unchanged. If now we imagine the membrane M is not 
permeable except to water, and the compartment A contains water, 
and the compartment B contains a solution of salt or sugar ; in these 
circumstances water will pass through into B, and the volume of B will 
increase in proportion to the osmotic pressure of the sugar or salt in 
solution in B, but no molecules of sugar or salt can get through into A 
from B, so the volume of fluid in A will continue to decrease, until 
at last a limit is reached. The determination of this limit, as measured 




A 
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Fig. 71. 
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by the height of a column of fluid (e.g. mercury) which it will support, 
will give us a measurement of the osmotic pressure. Membranes of 
this nature are called semi-permeable. One of the best kinds of 
semi-permeable membrane is ferrocyanide of copper. This may be 
made by taking a cell of porous earthenware, and washing it out first 
with copper sulphate and then with potassium ferrocyanide. An 
insoluble pi^cipitate of copper ferrocyanide is thus deposited in the 
pores of the earthenware. If such a cell is filled with a 1 per cent, 
solution of sodium chloride, water diffuses in till the pressure registered 
by a manometer connected to it registers the enormous height of 
5000 mm. of mercury. Theoretically it is possible to measure osmotic 
pressure by a manometer in this way, but practically it is seldom done, 
and some of the indirect methods of measurement described later are 
used instead. The reason for this is that it has been found difficult 
to construct a membrane which is absolutely semi-permeable. 

Many explanations of the nature of osmotic pressure have been 
brought forward, but none is perfectly satisfactory. The following 
simple explanation is perhaps the best, and may be rendered more 
intelligible by an illustration. Suppose we have a solution of sugar 
separated by a semi-permeable membrane from water: that is, the 
membrane is permeable to water molecules, but not to sugar molecules. 
The streams of water from the two sides will then be unequal; on one 
side we have water molecules striking against the membrane in what 
we may call normal numbers, while on the other side both water 
molecules and sugar molecules are striking against it. On this side, 
therefore, the sugar molecules take up a certain amount of room, and 
do not allow the water molecules to get to the membrane ; the mem¬ 
brane is, as it were, screened against the water by the sugar, therefore 
fewer water molecules will get through from the screened to the un¬ 
screened side than vice versa. This comes to the same thing as saying 
that the osmotic stream of water is greater from the unscreened water 
side to the screened sugar side than it is in the reverse direction. The 
more sugar molecules that are present, the greater will be their screening- 
action, and thus we see that the osmotic pressure is proportional to 
the number of sugar molecules in the solution : that is, to the concen-' 
tration of the solution. 

Osmotic pressure is, in fact, equal to that which the dissolved sub¬ 
stance would exert if it occupied the same space in the form of a gas 
(Van’t Hoff^s h)7pothesis).^ The nature of the substance makes no 
difference ; it is only the number of molecules which causes osmotic 
pressure to vary. The osmotic pressure, however, of substances like 
sodium chloride, which are electrolytes, is greater than what one would 

^ Moore and Frazer find that the law may l)e more accurately expressed as 
follows : The pressure is that which would be exerted if the substance in solution 
was rendered gaseous at the same temperature and kept to the volume of the pure 
solvent used (water) instead of the volume of the entire .solution. 
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^ect from the number of molecules present. This is because the 
^^ecx-iles in solution are dissociated into their constituent ions, and 
ion plays the same part as a molecule, in questions of osmotic 
^^^ 5 SULre. In dilute solutions of sodium, chloride ionisation is more 
1^ ^^plete, and as the total number of ions is then nearly double the 
^ -u^jrraher of original molecules, the osmotic pressure is nearly double 
■wou.ld have been calculated from the number of molecules. 

^ The analogy between osmotic pressure and the partial pressure of 
is complete, as may be seen from the following statements :— 

^ 1. At a constant temperature osmotic pressure is proportional to 

thio concentration of the solution (Boyle-Mariotte’s law for gases). 

2. With constant concentration, the osmotic pressure rises with and 
proportional to the temperature (Gay-Lussac’s law for gases). 

3. The osmotic pressure of a solution of different substances is 
epTjia-1 to the sum of the pressures which the individual substances would 
e::?ccrt if they were alone in the solution (Dalton-Henry law for partial 
pressure of gases). 

4r. The osmotic pressure is independent of the nature of the sub- 
sta^xace in solution, and depends only on the number of molecules or 
ions in solution (Avogadro’s law for gases). 

Oalctalation. of Osmotic Pressure.—We may best illustrate this 
sltl example, and to simplify matters we will take an example in 
tine case of a non-electrolyte such as sugar. We shall then not have 
to -fcahe into account any electrolytic dissociation of the molecules into 
iorxs. We will suppose we want to calculate the osmotic pressure of a 
1 peir cent, solution of sucrose. 

One gramme of hydrogen at atmospheric pressure and O'’ C. 
oooT-ipies a volume of 11 *2 litres; 2 grammes of hydrogen will therefore 
oooT-ipy a volume of 224 litres. A gramme-molecule of hydrogen— 
tlna.t is„ 2 grammes of hydrogen—when brought to the volume of 1 litre 
will exert a gas pressure equal to that of 224 litres compressed to 
1 litre—that is, a pressure of 224 atmospheres. A gramme-molecular 
solution of sucrose, since it contains the same number of molecules in 
a litre, must therefore exert an osmotic pressure of 224 atmospheres 
also. A gramme-molecular solution of sucrose (C 12 H 22 OH) contains 
34^ grammes of sucrose in a litre. A 1 per cent, solution of sucrose 
eoritairis only 10 grammes of sucrose in a litre of water; hence the 


osrmotic pressure of a 1 per cent, solution of sucrose is 


10 

342 


x224 


-a,!:rmospheres, or 0*65 of an atmosphere, which in terms of a column 
oF mercury ==Y60 X 0*65 =494 mm. 

It would not be possible to make such a calculation in the case of 
electrolyte, because we should not know how many molecules had 
ioaised. In the liquids of the body, both electrolytes and non- 
^leotrolytes are present, and so a calculation is here also impossible. 

AVe have seen the difficulty of directly measuring osmotic pressure 
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by a manometer; we now see that mere arithmetic often fails us ; 
and so we come to the question to which we have been leading up, viz. 
how osmotic pressure is actually determined. 

Determination of Osmotic Pressure "by means of the Freezing- 
point.—This is the method which is almost universally employed. A 
very simple apparatus (Beckmann’s differential thermometer) i-s all that 
is necessary. The principle on which the method depends is the 
following ;—The freezing-point of any substance in solution in water 
is lower than that of water ; the lowering of the freezing-point is pro¬ 
portional to the molecular concentration of the dissolved substance, and 
that, as we have seen, is proportional to the osmotic pressure. 

When a gramme-molecule of any substance is dissolved in a litre 
of water, the freezing-point is lowered by 1-87° C., and the osmotic 
pressure is, as we have seen, equal to 22*4 atmospheres: that is 
22*4 X 760 = 17,024 mm. of mercury. 

We can therefore calculate the osmotic pressure of any solution 
if we know the lowering of its freezing-point in degrees centigrade ; 
the lowering of the freezing-point is usually expressed by the Greek 
letter A. 

Osmotic pressure = x 17,024. 


For example, a 1 per cent, solution of sucrose would freeze at 

A AKOO r- V 4.* • xl, r *052X17,024 .rro 

-0*052 C.; Its osmotic pressure is therefore --—» = 473 mm.. 


a number approximately equal to that we obtained by calculation. 

Mammalian blood serum gives A = 0*56° C. A 0*9 per cent, 
solution of sodium chloride has the same A; hence serum and 0*9 
per cent, solution of common salt have the same osmotic pressure, or 


are isotonic. The osmotic pressure of blood serum is 


•56 X 17,024 
1 ^ 7 ’ 


= 5000 mm. of mercury approximately, or a pressure of nearly 
7 atmospheres. 

The osmotic pressure of solutions may also be compared by observ¬ 
ing their effect on red corpuscles, or on vegetable cells such as those in 
Tradescantia. If the solution is hypertonic^ i.e. has a greater osmotic 
pressure than the cell contents, the protoplasm shrinks and loses water, 
or, if red corpuscles are used, they become crenated. If the solution 
is hypotonic., e.g. has a smaller osmotic pressure than the material 
within the cell-wall, no shrinking of the protoplasm in the vegetable 
cell occurs, and if red corpuscles are used they swell and liberate their 
pigment. Isotonic solutions produce neither of these effects, because 
they have the same molecular concentration and osmotic pressure 
as the material within the cell-wall. 

I Physiological Applications.—It will at once be seen how 
important all these considerations are from the physiological stand- 
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point. In the body we have aqueous solutions of various substances 
separated from one another by membranes. Thus we have the 
endothelial walls of the capillaries separating the blood from the lymph ; 
we have the epithelial walls of the kidney tubules separating the blood 
and lymph from the urine ; we have similar epithelium in all secreting 
glands ; and we have the wall of the alimentary canal separating the 
digested food from the blood-vessels and lacteals. In such important 
problems, then, as lymph-formation, the formation of urine and other 
excretions and secretions, and the absorption of food, we have to take 
into account the laws w^hich regulate the movements both of water 
and of substances which are held in solution by the water. In the body 
osmosis is not the only force at work, but we have also to consider 
filtration ; that is, the forcible passage of materials through membranes, 
due to differences of mechanical pressure. Further complicating these 
two processes we have to take into account another force, namely, 
the secretory or selective activity of the living cells of which the mem¬ 
branes in question are composed. This is sometimes called by the 
name vital action, which is an unsatisfactory and unscientific expres¬ 
sion. The laws which regulate filtration, imbibition, and osmosis are 
fairly well known and can be experimentally verified. But we have 
undoubtedly some other force, or some other manifestation of force, 
in the case of living membranes. It probably is some physical or 
chemical property of living matter which has not yet been brought 
into line with the known chemical and physical forces which operate 
in the inorganic world. We cannot deny its existence, for it some¬ 
times operates so as to neutralise the known forces of osmosis and 
filtration. (See also Permeability, p. 314.) 

The more one studies the question of lymph-formation, the more 
convinced one becomes that mere osmosis and filtration will not explain 
it entirely. The basis of the action is no doubt physical, but the living 
cells do not behave like the dead membrane of a dialyser ; they have 
a selective action, picking out some substances and passing them 
through to the lymph, while they reject others. 

The question of gaseous interchanges in the lungs has been another 
battlefield of a similar kind. Some maintain that all can be explained 
by the laws of diffusion of gases ; others have asserted that the action 
is wholly vital; but recent research has shown that the main facts are 
explicable on a physical basis (see pp. 171 and 172). Take again the 
case of absorption. The object of digestion is to render the food soluble 
and diffusible; it can hardly be supposed that this is useless ; the 
readily diffusible substances will pass more easily through into the blood 
and lymph: but still, as Waymouth Reid has shown, if the living 
epithelium of the intestine is removed, absorption comes very nearly 
to a standstill, although from the purely physical standpoint removal 
of the thick columnar epithelium would increase the facilities for osmosis 
and filtration. 
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The osmotic pressure exerted by crystalloids is very coiisidfTaIiIf% 
but their ready (liffusi!)ility limits their infliHaK'e on tin* flow of wafer 
in the body. Thus, if a strong solution of salt is injcrtf‘«i iiiin the bit Htii, 
the first effect will be the setting up r)f an rrsnif^fir .strraiii from ihc linMir** 
to the blood. The salt, how(‘ver, would soon diffuse out inti i ihf liHsin-s 
and would now exert osmotic' pressures in the* c^pposife* direction. \|iire 
over, both effects will be but tc^tnporary, lK*caus«‘ of' salt is soon 

got rid of by the cxcTcdions, 

Osmotic Pressure of Proteins. - It has been generally assiiiiied 
that j>roteins, the most abundant aiid important roitHtifucniA of the 
blood, exert little or no osmotic pressun*. Sfarh'iig, liffwever. lias 
('laimed that tht‘y have a small osmotic* pn^ssiin* ; if this mi, it nf 
importancT, for {irotenns, unlike salt, do not diffuse readily, am! their 
(‘ffect, therefore*, remains as an almost fauiiianeiii fartar in the blood. 
Starling givers the osmotic' pressure of the* proteiii^ of flu* hlooil filaviiia 
as ecfual to 30 mm. of merc*ury. By otiic-rs this is altrifiiitefl to tin* 
inorganic salts with whic*h protcmis are akiaiys rioHcly assoi iafedd 
Moore, for instanc*c‘, finds that the purer a protein in, less is its 
osmotic prt\ssure ; the? satne is true* for collier eoHoiilal fr 

really does not matter muc*h, if the osmotic* forte exisl^, wiieilier it Is 
due to the protein itself, or to the* saliiu! c^oristitiieiils wliirii urr iiliiio^ 
an integral part of a protc‘in. It is mt*rely intc*rrs!iitg frurn tln'o 
retk'al point of vi<‘w. We should from the theoniii ai siafid|ioiiif liml 
it difficult to imagine that a [Hire {motein ran rxerf fiior«* flian a liiiiiifiiiil 
osmotic' })r(*ssure. It is madcs up cif such liiige iiififri tile-.H fhat^ rveii 
when the proteins arc! presc*nl to the extent of 7 or H prr eriiL. an liiey 
are in blood-plasma, then* are (Comparatively few firoteiii 
in solution, and pro!)ably none* in true* scciiifioii. Still, by niisiii^ of' lliis 
weak but constant prc'.s.sure it is possible tfc exfiliiiii lln* bat llirif iiii 
isotonic or even a hyf)erlonic: solulioti cd' a diffiisible « rysfalloid imiv be 
c'ompletely absorbed from the peritonc^al c'itvity into fJie 

d'he func’ticmal activity of the tissue c*leniefils is arrfiiii|iaiird by tlie 
breaking ciowri of their eonstituerits into siiiiplrr iiiiiferialM 
materials pass into the lymph, and iiicrciiHc its fiiolf*riilar corif-riifraliofi 
and its osmotic! pressure ; thus witter is alt railed (to ii%e the 'w,-iy 
of putting it) from the !)Ioocl to the lymph, and mi the voiiiiiir of the 
lymph rises and its flow incTeaseh. On the oilier liiiiifl, ilirM* 
substancxis aec'umulatc! in the lymph tlic^y %vill in time allaiii flirre a 
greater concentration than in the* f>loocl, and set tlif*y will diffiiHr lowardH 
the blood, by which they are carried to the firgiiiis of rxrrelioti. 

But, again, we have a diffimilty with the proteins; tliry are 
important for the nutrition of the tissues, fait they are pumiruily iin 

Bayliss ^has shown the siilioe m n Aft iitif ttiet'liftfiiriiili 

mixed with it, but ure in «i state interniediatt* lirlwccft itit'chiKilcii itipf 

chemical combination, to which the term mismfUm k a|i|iliefi. Mimy tlf& w%mt 
for .staining fabrics and histological preparations are aim ailMHliccL 
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diffusible. We must provisionally assume that their presence in the 
lymph is due to filtration from the blood. The plasma in the capillaries 
is under a somewhat higher pressure than the lymph in the tissues, 
and this tends to squeeze the constituents of the blood, including the 
proteins, through the capillary walls. I have, however, already 
indicated that the exact mechanism of lymph-formation is one of the 
many physiological problems which await solution by the physiologists 
of the future. 

COLLOIDS AND COLLOIDAL SOLUTIONS 

The proteins and the polysaccharides may be taken as 
instances of colloids. They do not pass through the membrane of a 
dialyser, they can be “ salted out ’’ of solution, their solutions are 
opalescent, they crystallise with difficulty if at all, they have a tendency 
to form jellies, and they exert a very low osmotic pressure. 

The study of colloids, a class to which so many important physio¬ 
logical substances belong, is therefore important, and the following 
paragraphs deal briefly with some of the principal facts now known 
in relation to this branch of physical chemistry. 

A colloid material is spoken of as being capable of assuming two 
conditions, which are respectively named sol and geL If the colloid 
is fluid, the term sol is used ; if it is solid like a jelly, the word gel is 
employed. The two conditions are well illustrated in the case of 
gelatin ; in warm water gelatin is a sol; when the solution cools we 
get a gel. In the case of gelatin the condition is easily reversible, but 
this is not so in relation to all colloids. 

If water is the fluid medium employed, the terms “ hydrosol 
and “ hydrogel are applied ; if alcohol is used, the words “ alcoholsol 
and ‘‘ alcoholgel are employed, and so with other solvents. 

Colloid material is often obtainable in another condition still, 
namely, as a flocculent precipitate. This is seen when proteins are 
‘‘ salted out,’’ or when an albuminous solution is heated beyond its 
‘‘ coagulating point.” In some cases an enzyme action has been held 
responsible for the alteration in the physical (and possibly chemical) 
structure of the protein so that it becomes insoluble in the fluid in which 
it was previously apparently dissolved. (See Blood Clotting, p. 137 • 
and Milk Curdling, p. 74.) 

There are numerous analogies between these organic colloids and 
the inorganic colloids. Thus many metals, such as gold, silver, and 
platinum, are obtainable in colloidal form, and the same is true for 
certain compounds such as silicic acid. These materials are in an 
unstable physical condition, passing from the sol to the gel condition 
under slight provocation. This confers upon them the property of 
producing what is termed catalysis in chemical substances in contact 
with them, and the similarities between catalysis and enzyme action 
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are so striking and numerous, that the doctrine that enzyme action 
is a catalytic one rests on a by no means unstable foundation. 

Supposing now the case of a colloid in the condition of a sol, as for 
instance the proteins are in the plasma or serum of the blood, does 
that term imply complete solution in the same way as when we use the 
term in reference to a solution of salt or sugar ? Or have we, on the 
other hand, rather a condition of suspension, or a kind of attenuated 
gel ? 

The microscopic examination of such fluids, even with the highest 
powers, reveals no visible particles. The particles which are present 
if they are not in solution are present either in a smaller or in a more 
diffuse condition than the particles of an ordinary suspension or 
emulsion. 

An ordinary paper filter has far too large pores to keep back any such 
fine particles from these fluids. It is necessary to construct a filter of a 
more efficient character. The kind of filter employed is fashioned on 
the principle of those used for filtering off small particles such as 
bacteria from fluids. One of the best is that described by C. J. Martin. 
The case of the candle of a Pasteur-Chamberland filter is filled with a 
hot 10 per cent, solution of gelatin, and this is forced by air pressure 
through the pores of the porcelain. The hot solution filters through 
fairly quickly at first, but as the pores get stopped up it runs through 
more slowly; when it is cold, the filter case is removed from the 
compressed air cylinder, and the filter detached from its case. The 
gelatin is then washed off from the outside of the filter, and it is ready 
for use. 

Instead of a gelatin filter, one of silicic acid can be made. A stiff 
solution of sodium silicate is filtered under pressure through the 
candle; after a few minutes, when the pores are filled with it, the 
candle’can be detached, filled with 3 per cent, hydrochloric acid, and 
immersed in a bath of the same acid for a day or two. The acid diffuses 
into the pores, and decomppses the sodium silicate, depositing a 
gelatinous precipitate of silicic acid. 

If fresh serum or egg-white is placed outside the filter, the filtrate 
which comes through is clear, colourless, and absolutely free from 
protein. 

Proteoses and crystalloids pass the membrane easily; meta¬ 
proteins slightly; caramel, biliverdin, and dextrins partially. But 
the following proteins do not pass it at all: egg-albumin, serum- 
albumin, egg-globulin, serum-globulin, fibrinogen, caseinogen, nucleo- 
proteins, and haemoglobin. The colloid carbohydrates starch and 
glycogen resemble the proteins. 

In other words, substances with large molecules which do not 
pass through membranes by dialysis are also stopped by filtration 
under pressure through a gelatin or silicic-acid filter, and some are 
inclined to regard the large size of the molecule as the reason of the 
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non-passage in both cases, and do not agree with Ostwald that the 
solutions are mechanical mixtures and not true solutions. The small 
osmotic pressure which such substances as protein exert may be 
regarded as evidence of true solution. But, as we have already seen, 
we are by no means certain that absolutely pure proteins do not exert 
osmotic pressure, and further, osmotic pressure appears to be exerted 
by substances which are admittedly not in true solution. The working 
hypothesis adopted in this dilemma by the majority of observers is, 
that in such fluids we are not dealing with true solutions nor with 
suspensions of fine particles, and the term “ colloidal solution ’’ has 
been invented to express the condition of things, which appears to be 
something of an intermediate nature. 

The similarity between colloidal solution and fine suspension is a 
marked one. The well-known migration of obvious suspensions 
(including bacteria) in an electric field is evident also in coUoidal 
solutions; and as Hardy has shown with certain proteins, the sign 
of the charge in the colloidal state or in suspension may be reversed 
by very slight alterations in the reaction of the fluid. 

Further, both suspensions and colloidal solutions give what is 
known as the Faraday phenomenon, scattering light; this test forms 
the basis of what are termed ultra-microscopic observations. 

As compared with ordinary solutions, a very small expenditure of 
energy is necessary to separate matter in colloidal solution from its 
solvent ”; and the vapour pressure and freezing-point of the 
solvent” are only altered to a negligible degree by the incorporation 
of the colloid in it. Still, this in itself is not characteristic of colloids, 
for the same is true for certain pairs of liquids (for instance, dichloracetic 
acid and isopentane) which form true solutions together. 

Precipitation by electrolytes is again a striking feature common to 
colloidal solutions and suspensions, and the precipitating ions are 
carried down in amounts which are proportional to the amount of 
precipitate. The agglutination of bacteria is possibly a phenomenon 
of the same order. There are, however, differences between the 
behaviour of inorganic colloids and proteins- not only to electrolytes, 
but also to non-electrolytes, which Waymouth Reid considers still 
require elucidation, and in the case of electrol 5 t:es Pauli points out 
a certain specificity in the ionic actions, the end result being 
determined by the algebraic sum of the antagonistic actions of 
the precipitant and anti-precipitant properties of the kation and 
anion of a salt. 

The view that a colloidal solution approaches near to the state of 
extremely fine suspension is favoured by the facts that both reduce the 
surface tension of the fluid containing them, and that both readily form 
surface films of greater concentration which can be heaped up mechan¬ 
ically and separated by agitation; this, for instance, occurs in emulsi¬ 
fication. The case of haemoglobin shows that this substance, though 
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n()n"clialysal)l(‘ and (:*apa[)Ic‘ of lH*ing fift(*n‘d (»ff liy an nfrifiViil 
is not on all-fours with other proteins iti other fairtieiilar.s, for it is 
]>rol)ably dissolved f)y water (W. Kta'd). ft is possifile, as le.seareh 
proceeds, other ex(‘eptions to the general rule may he* fouml, and lliat 
the native proteins, although colloids, nc’verthe'less ex hi! a*! gradafioiis 
from those at one extreme which form tna* scjluticms, to fiiost* at tin* 
other which form obvious suspensions only. 

SURFACE TEFSIOK 

The surface layer of a lif|uid possesses c’ertain propenies which are 
not shared by the rest (d*it, for in the interior tiu* arrangiaiieiit of inattfa* 
is symmetrical around any point, wh(‘rc‘as on llie .surface the siirrotincb 
ings consist of liquid on one side* only, while on the rjther side is M^lid 
or gas, or it may be another lic|uid. In a gas the* molciiiles are free* 
from one another’s attractive* inlluema*, and lly af)out frec‘ly with iiigh 
velocity, producing pressure on the walls of tlie contaiiiifig vi >,M*i ; 
in a liquid, the mutual uttradicai of the moleeiilrs i^ go-af enough to 
keep the suhstanc*e together in a ch'finite volume. In order to separate 
the molecules and <t>nvert tlie Ii(|uid into gas, a large aiiioiiiit of tiiergv 

is required.the so-called latent heat of evaporatifiii. 1hc 

attractions in a lic|uid are thus very great, so that any iiioireiiii* of the 
surface layer is strongly pullc*d inwards, and this layer f'rnn4iliiles a 
stretched elastic* skin, and the powa*r thus exerted is leriiiecl 
tension. The (‘ITec't c>f surfaca* tension is most simply sf*eit in a'free 
drop of liquid, such as a raindrop, or a drop of oil iininersecl in a iiiixltire 
of alcohol and w'ater of the same d(*nsily. Hien* is then iiothiiig to 
prevent the surface layer from remtraefing as riiiirh iis possible, and 
the drop will assume a form in which its voiiiitie lias the siiiiillesi siirfnctg 
that is, thcj form of a sphere. 

Animal cells are lic|uid, and when they are at rest, other forces bidrig 
absent, they also are spherical], and although th(7 do not fin.^sess as a 
rule a definite wall of harder matt*ria!, siic*li us one fnifis in 111114 
vegetable cells, neverthek‘ss the surface film, exercising the force 
called surface tension, plays the part of an elitstic* skirt, iific! irriited 

plasmatic memhrane,^ ddfis iiiembnme pliiys an importaiii pliysife 
logical rcile. In the projection of psriidopcKlia, for iiislitncr, %^ariatioii 
in the surface tension occurs in ilifftfrent parts of the* <dri.iifiitt‘reiice 
of the cell, and at the points where the surface! tension lowereci 
pscudopodia will he thrust out. Protoplasm, however, k lioi a lioiiiie 
geneous licpiici, but contains sufistanees of varying chniiintl itimpoHi- 
tion^; those substances whic*h have the power of dtriiiiiishing siirfiic'e 
tension always show a tendemty to acc*iimuljite iii ilm siirfiircj. Ileiiri* 
the fats and lipoids, whii'h are powerful cleprtfssafits of Mirfiice Iriisifiig 
ant found (probaldy in a state of an extremely fine eiiiiiisioii) iitorc’ 
abundantly in the plasmatic membrane! than in other parts of the cell. 
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llif intrr^liliiii sfiarefi betwren the fat globules are filled up with a 
wiitrry rtilioicliil ({irciteiit) sciliition. 

lilt* ilirory cif fliffiisicm of dissolved substances through membranes 
us ap|#li**tl |c^ f'cIK lilts fw^eri {irfifoundlf influenced by the discovery of 
the of the pksmiitic membrane. At one time it was 

lielirvecl iliat fliil’iiHion of a colloid material was prevented by the pores 
of III#’ iiiriiiliraiiff ladng loo small to allow large molecules to get through 
iliciii j it wuh corihiiI«u*ed to ad as a sort of sieve. But this cannot be 
tlic whole* rx|ilafiatioii| and it is now held that solution affinities play 
ihr iiiotil iiiiportiiril part; that is to say, a membrane is permeable 
to mihhtmu%*% whirli are soluble in the material of the membrane. 
Siif li Holtibility may imply the formation of actual chemical unions, 
hill iiiori* freffiKfritly the proc*c*ss is one of adsorption ; this latter process 
iprclally into play whi?re nutritive materials are assimilated by 
till* ca?it by iiicans of the protein solution which occupies the interstices 
hriweeti the fat globules. On the other hand, the permeability of the 
filiif^itiatic itietiibrtne by substances such as chloroform and ether is 
nittinly drlerniiriecl l>y the soliiliility of these materials in the fatty 
or fatdike conipoiients of the memtirane, and this consideration is the 
ioiiiicliition of the Meyerd>ve*rton theory of the narcotic effect on cells 
wliii li volatile amesthetics exercise. 

On p, liiH iiicriiioii wa.s made of the role played by bile salts in 
lowering iIm* Mirfac*c tdiHion of the li(|uid in which they were dissolved. 
It is fioiiicliiiics nrftsssary to estimate the surface tension, of a physio- 
kigir'iti lifftiiii ; may be done in several ways(1) By noting the 
rba* or bill Ilf the licjukl in a c-apillary tube. (2) By suspending from 
fine mm of a lahtiicc a glass slide with one edge just in the surface film 
f»f the liifiiid ; tlir ik|iiii! h removed and weights are added to counter- 
|ifii'%c flic ill air; fin* waright re(|iiired gives, by simple calculation, 
thr iiiirbicr Icii^ioti of tin* llqiml (3) By counting the number of drops 
wdiif'h <oiii|iriHi« It given voliitm* of Ikpud when allowed to flow from a 
tube. An till* of drofen is inversely proportional to their size, 

arid m tlir drops will iiif*ri*iise in size until their weights are equal to 
thi* of thrir Mirfiiri* liiyers, the size of the drop is proportional 

to itic ^iirfa# c triiyon. 11iiw by ctainting the number of drops and by 
liiiiwing t}«* i^pcrific gravity of the liquid the surface tension can be 
fltdcrininrii I1i«* iippariitiw used in this method is termed a “ stalag- 
nioiiiclrr/' itni! r.fmmln c.wntially of a glass pipette with a plane 
rirrukr lip, 11ie cirop^ that escape when the pipette is allowed to 
deliver a mmitmt voliime are counted and compared with those in an 
rcjiial voliiwic of wiilrr at the name temperature. 

VIS00SIfY 

The parlicriri of a liqiiitl are not free to move one upon the other 
in th« Itqiikl without re^tiitance* This internal friction is termed 
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viscosity,and is of itn[)ortanre in tin; flowof liffuidssuch as hlonil tlircajgii 
small tubes. Vis('.osity in fact |<iv(*s rise* to the* n*.siHtanfc which is 
offered to the passage of blood in the* (‘apillary .syst(‘in. A coiiveiiii‘tif 
method of determining the viscosity of a lic|uid is thail introdiic’ccl Iw 
Ostwald : this exmsists in (‘omparing the* time taken by a certiiiri v«»liiiiie 
of the liquid under examination to flow two marks un a 

capillary tube, with that takc*n by an c‘cjual volume of watc'f, fiotli 
observations being made at the same tempc:*rature. llic* iisiiii! form 
of the apparatus is a U tube, onct limb of which is narrow and has at its 
distal portion a bulb above and 1h*1ow which ar<‘ the* two marks riderrcd 
to. Colloidal solutions sucdi as blood-plasnui, gum arabic, gelatin, 
etc., have a high visetosity, /.c. thcjy flow slowly, whc*reas diliifi* sail 
solutions have viscosities little diffetrent from watcT. It is, in part at 
least, the visc’cj.sity of a solution of gum in 0*9 pc*r cent, socliuiii chloride 
whic'h makes it so nuK‘h better than the salt alone* as a solution to Im* 
injected intravenously to refdaca^ bkiod lost, for c*xanipk*, in severe 
haemorrhage. Owing to this physical j>rc^f>erly it i"^ not removed Iroiii 
the circulation very rapidly by the kidneys. 

PERMEABILITY 

The usual way of explaining the adion of a seci'ctiiig rel! l«i siiy 
that the cell has selective! powc*r; on one side if is baflii'd by a 
nutrient fluid originating from the* IjIcmmI ; at its (»p|if»site border it 
pours out a new fluid, the secTelion. llie slitletiiiiil tint! I hr cell 
selects from the lyrnj)!! certain matc^rials to make saliva or gusiric 
and rejects others, is ttrerely a handy way of c*x|i!itinirig in e%a*ryclay 
language the final result. It does not mean that pliysiologisis really 
think that the c’ell possesses something akin to roriscioiisnevs or rlioinx 
'Fhe more one (*an bring such an action into line with known 
laws, the nearer shall we approach the Irulln The iiiiHMge of' 
stances through cells and thtur racaiif»riines citiinfit be clue eiitireiy to 
the forces of diffusion, osmosis, and filtration; but iiiiotlicr factor, tlic* 
permeability of the C'clI-memfiranc* and of ific* iircjliifilasinic' ,siirfitrc% 
combs also into play. The cell is permeable to icrtain siilistufircs 
and not to others ; it has no real choice* m to mdiiit nhall tfiroiigh 
it and what it keeps back. It has been fount! that different ions modify 
the normal permeability in various directions. The fdectri<*iil rimrge 
of the ions must be a determining factor in the piisMge of milmUmrm 
through the cells and its plasmatic membrane ; iiii iifisrl of the tifirniiil 
ionic balance leads to altered permeability; hence relliilitr iicliviiy 
becomes abnormal in disease. Their consklerations iniiy be e*xeiii|ili- 
fied by what is known in relation to glucose. This laigar ii iiiwttys 
present in the blood in health, Imt Is wholly in the plitiniii; the 
corpuscles^ are impermeable to it, but in diabetes they bmiriie per¬ 
meable. 1'hat this is not due to the inerc size of the gIuc!ose itirilcciik* 
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i‘.* M-f’ii wimt \\r ^1*1 lit lilt* kifiiiry, fVir in liralth the* rermi c*<‘lls unt 
li< .illy iiiijit’riiii’iililf i«i itfid if Is not until nonniil vtm- 

ilitioiiH ar«‘ lifj^r'l in fii4lirif'h iliiit tin* kiilriuy uiIIh allow tliis suga,r 
!m iiiifi tlir iiriiir. XrVf’rtlalr^iH* HiigarH with still ftravic^r 

%in it 4.^ .hiii'piM* fir galartfisf* if iritnifiuc’iHl into tho IjIoocI- 
‘‘»!ir’4fii lifiii ilirir Way <iiif iiiin ilit‘ urini* ov<*n in hf*a!th. in(*rct 

‘ y^irir liirMiy will at i oiiiii for litis, and th«‘ “lock ami key” 
^dinili' gives ;t lifiier «*x|>iaii*itioii, 11ii* cliernicml oonliguralion of 
file >iii ifi^r iiiiiifsi ifle is sill'll ifiitt it lias the* key to imktek tlu‘ 
|a'i 4 o|ikisiiir dtitir and gil lltrcaigli: glueose has a difftTcait corn 
fi|4yriilitiii ami s*# ratiiini pass the harrier so long us the* latter Is 
ill |#r*l|ri| Ittsiilli. 

THE DITEEMINATIOH OP THE EE40TION OF FLUIDS 

III liiiy uf|uecii.j.s dilution, if llie t*oiii*eritriition of hydrog(*n ions (C!/,) 
in iiiiilijiiliecl by tliitt of Ityriroxyl kins the prodml is eonslant. 

Ill clfotillt*il Wilier at W'" the twf» (aineeaitrations are ecfual (10 
Hirri'fore 10 10 lO In acml solutions (!,, 

f \f feils III aofi in alkaline solutions the reverse eibtains, hut in all 
i tie' |fiodiii I i% In 

I1w’ aiiioiiiil ot ififii-Hation %viiieh ai ids und<*rgo in holulion varkss 
ureatlv, Io#f in fli»f itifirntal hydrocdilorie aeid, 9l per <*ent. 

is ifiiiisi'fi ; ilirrefore (i. ieo!i| ti|lif•^ ihf norniiil and is ecpial to lO 
I1n* figiirr I*ol (fill* iieg.ili^'i* sign is iisiiully oniitted) is the* logarithm 
1*1 tile in Ilf tile roiii rtiiraliori of liydrogi*ri kins in grainrne.s per 
litre, 4iid is it*^prrssi*d as I^j. On the other hunch decd- 
fioriiaii ateti* mid is only fiissoeiati*cl into its ions to tlic? extetit of 1%*I 
per awl Ih, is 

Ill fife of the re.ifiioii cd a fltikh various indkaitors are 

i‘iii|iiiwri| ; ilif.e iitidernoi * 1 « Ii4ti||e of colour on the addition of im acid 
*ir alkaii* aiul ;it a lerhiiii point an iiiterinediate lint shows what in 
l«4iiiei| the iinifral fioifit, llu* tiiikh liimawer, is only neutral to ttic* 
fiarik tiLir iiiflaviioi einployed, and the rieiilral tint does not imply 
llwl the I oiieeniratkiiis of liydiogeii and hydroxyl ions are effuak 
|tifi»4'eiit siaiitsiftirs gi%*e flu* so-ralliul fieiitral point when the cton- 
M'litralioiis of ioiit are widely different Httis a solution which is 
iriiiral to litiiiiis (Ih, h'fi approximately; will not be so to methyl 
orange Ilf, { approxiiiirtfely) 11ie riiiige of a few indietttors is given 
lifdffw: 

Pie 

Mrlliyl ofurigc . . . , , » , S-l to 4*4 

Tiififer*# reiigriil 2-11 to 4*2 

I Jliiiiw fob to H*0 

Trtjjijtfolifi CM..I . . . , . , . 1 '4 to 2*6 

Flii‘iuil|iltt}iiiiriii. , . . « . , H*5 to 10*0 
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The amount of decinormal soda which must be added to an acid 
fluid to render it neutral is called its “ titration acidity to the indicator 
employed. Thus normal urine, which owes its acidity partly to acid 
salts and partly to free acids, has a Ph== 5, so that it will be acid to 
litmus, but alkaline to methyl orange. 

The true acidity is ascertained by combining observations with a 
large number of indicators, or by an electrometric examination of the 
fluid. It is only necessary to estimate the concentration of hydrogen 
ions; the concentration of hydroxyl ions can always be calculated, 
because, as already stated, the product of the two is a constant. 
A very convenient, rapid, and accurate method for determining 
the reaction of blood has been devised by Dale and Evans. Small 
quantities only are required. The method consists essentially in intro¬ 
ducing oxalated blood into a collodion vessel about the size and shape 
of a small test-tube. This dialysing membrane is suspended in a 
glass “ comparator vessel containing 0*85 per cent. NaCl solution. 
Dialysis is gjlowed to proceed for ten to fifteen minutes. The Ph 
of the dialysate is then determined by addition of a suitable indicator 
(neutral red or phenol red), and by obtaining a phosphate mixture 
whose Ph is kngwn (or can be calculated) which, with the same amount 
of indicator, gives an identical colour. The Ph of the dialysate can then 
be obtained. Means are taken to prevent loss of CO 2 during the 
estimation. The method may be modified to obtain the reaction of 
circulating arterial blood. 

The electrometric method we owe to Nernst. It is based on the 
fact that a metal electrode saturated with hydrogen, immersed in a 
liquid also saturated with hydrogen, gives rise to a difference of potential 
between the electrode and the liquid which is dependent on the con¬ 
centration of hydrogen ions previously present in the liquid. This 
concentration is calculated from the difference of potential observed. 
The method presupposes that the saturation with hydrogen referred 
to produces no change in the hydrogen ion concentration of the original 
liquid. This assumption is not always correct, especially when one 
is dealing with biological fluids; these frequently contain volatile 
acids or bases which will be partly swept out of solution by the current 
of hydrogen gas. It will be sufficient to say, without entering into 
technical details, that there are methods for overcoming this difficulty. 

MIOROCHEMICAL QUANTITATIVE ANALYSIS 

Certain physiological problems have so far baffled experimental 
investigation, owing to the minute quantity in which many important 
substances occur in the organs and fluids of the body. This fact makes 
it in many cases impossible to apply to them the usual quantitative 
methods of the analytical chemist, or to identify them, when isolated, 
by the classical methods of elementary analysis. Within recent years, 
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however, the ingenuity of many workers has been applied to the 
elaboration of microchemical and microphysical methods, which rival 
in exactness the older methods. A few of these may be mentioned 
here in outline, as the full description of experimental detail is outside 
the scope of this book. 

1. Quantitative Micro-elementary Analysis (Pregl).—The principle 
of the method is the same as that mentioned in Lesson I. 3. 
Its application to very small quantities of material (5-10 mg.) has been 
made possible by the construction of sensitive micro-balances (Nemst, 
Kuhlmann), which allow weighings to be made with an accuracy of 
± 0*001 mg. Suitable small absorption apparatus for carbon dioxide 
and water have been constructed by Pregl. The same author has also 
worked out methods for the estimation of nitrogen in small quantities 
of organic substances depending on the principle of Dumas’s and 
Kjeldahl’s (p. 259) methods. Micro-Dumas, micro-Kjeldahl, micro¬ 
sulphur, and micro-halogen estimations have been made possible by 
the introduction of micro-filtration apparatus made out of capillary 
tubing or of platinum. 

2. Microchemical Analysis of Blood.—Bang and others have 
described methods for the volumetric estimation of glucose and sodium 
chloride in 2-3 drops ( = 100 mg.) of blood, and have also indicated 
methods for the estimation of albumin, globulin, haemoglobin, urea, 
uric acid, etc., in blood by the use of suitable micro-methods. By 
Winterstein’s method the oxygen can be estimated in 0*05 c.c. of blood. 
(See also Barcroft’s method, p. 293.) 

3. Microchemical Analysis of Urine.—Methods for this purpose 
have been developed mainly by Folin, by means of which the total 
nitrogen, ammonia, and urea may be estimated in 1 c.c. of urine. 
Urea may also be estimated in the same small quantity by Marshall’s 
method, which makes use of the conversion of urea into ammonium 
carbonate by the enzyme urease contained in soy beans. Further, a 
quantitative gravimetric method for the estimation of urea in extremely 
small quantities has been based by Fosse on the insolubility of its 
xanthydrol compound. Folin’s microchemical method for uric acid 
has already been described (p. 266). The colorimetric method for 
the estimation of creatinine (p. 267) may also be mentioned in 
this connection. Drummond also has modified the benzidine 
method (p. 273) for the estimation of sulphur and sulphates in small 
amounts of urine. 

4. Van Slyke’s Method for the estimation of amino-nitfogen 
(p. 236) has been converted by him into a microchemical method, which 
requires only 0*5 mg. of amino-nitrogen for analysis. 

5. Van Slyke’s Method for the estimation of COg in blood-plasma 
(p. 178) has also been converted into a microchemical method. 

^ 6. Spectrometric Methods for the estimation of cholesterol (and 
“ oxycholesterol ’’) and its esters have been worked out by Lifschiitz, 
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which appear to be more trustworthy than the older coloriir).etr: 
methods. 

7. Micro-polarimetric Method of E. Eischer.—The usual polar 
metric method (pp. 289-291) has been converted into a micr< 
polarimetric method by reducing the diameter of the tubes used 1 
1*5 mm., and their contents to 0*1 c.c. The specific gravity of tl 
solutions to be examined is estimated by a micro-pycnometer. On! 
5-10 mg. of substance are necessary for an observation. 

8. Microscopic Molecular Weight Estimations may be carried oi 
by Barger’s method, which depends on the fact that equimolecuh 
solutions of different substances possess the same vapour den sit; 
The estimations are carried out in capillary tubes under the mien 
scope, and require only a few milligrammes of substance. 

9. Bertrand’s Method for the estimation of reducing sugar (p. 22' 
has recently been modified to enable accurate results to be obtainc 
with quantities of glucose less than 10 mg. 

ZGZS 
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Abiuretic substances, 114 
Abrin, 156 
Absorption, 127-132 
and osmotic pressure, 308 
bands, 150 
channels of, 127 
influence of epithelium on, ^28 
of carbohydrates, 128^ ^ J. 

of fats, 131 ^ 

of proteins, 128 

\spectra of haemoglobin and its deriva- 
I tives, 152, 249 

' I of myohsematin, 254 

of urinary pigments, 277 
Acetaldehyde, 10, 11, 14 
Acetic acid, 12, 22, 34, 35, 94 
ester, 10, 17 

Aceto-acetic acid, 120, 213 
tests for, 211, 212 
Acetone, 15, 120, 213 
tests for, 211, 212 
Acetyl, 35 

Achromic point, 84, 228 
Achroo-dextrin, 28, 84, 98, 228 
Acid ammonium urate, 204, 206, 264 
fermentation of urine, 204 
htematin, 248 

absorption spectrum of, 249 
hoematoporphyrin, 248 
absorption spectrum of, 249, 277 
metaprotein, 43, 85, 104, 113, 217 
potassium saccharate, 224 
sodium phosphate, 183 
urate, 204 
tide, 183 

Acidity, Nernst’s electrometric method 
for, 316 

Acidosis, 119, 177 
Acids, under initial letters 
action on albumin, 42 
digestive power of, 233, 235 
Acini, effect of activity on, 97 
Acrolein, 33, 34 
Acrylic acid, 34 
series, 34 


Activation of enzymes, 90 

Active immunity,' 156 

Acute yellow atrophy of liver, 187, 215 

Adamkiewicz’s reaction, 41, 47, 56, 61 

Adenase, 202 

Adejiine, 64, 65, 200, 201, 202 
Adenosine, 65 
y^dipose tissue, 2, 34, 77 
Adjuncts to food, 81 
Adler’s test for blood, 135 
Adrenal cortex, fat in, 38 
Adrenaline, 117, 119 
Adsorption, 308, 313 
Aerobic micro-organisms, 86 
Aerotonometer, 163 
Agglutinating action, 158, 311 
Agglutinins, 158 
Agmatine, 117 
Air changes in lungs, 160 
inspired and expired, 160 
-pump, mercurial, 164, 292 
Alanine, 45, 46, 51, 114 
and sugar, 119 
/8-Alanine, 118 
Alany], 51 
-leucine, 52 
-leucyl-tyrosine, 52 
Albumin in urine, 207, 213 
estimation of, 207 
tests for, 207 
egg, in urine, 128 
Albuminates, 66 
Albuminoids, 60 
Albuminometer, Esbach’s, 207 
Albumins, 2, 42, 55, 58, 59, 216 
action of acids and alkalis on, 42 
and globulins, differences between, 59 
tests for elements in, 5, 6 
vegetable, 67 
Albumoses, see Proteoses 
Alcapton, 214 
Alcaptonuria, 214, 215 
Alcohol, 13, 81 
action on proteins, 58 
oxidation of, 14 




320 


ESSENTIALS OF CHEMICAL PHYSIOLOC;'"' 


Alcohol, primary, 14 
secondary, 15 
tertiary, 15 
tests for, 10 
Alcoholgel, 309 

Alcoholic fermentation of milk, 75 
of sucrose, 26 
potash, 32, 248 

Alcohols, see also under initial letters, 13 
dihydric, 15 
hexahydric, 15 
monohydric, 13 
trihydric, 15 
Alcoholsol, 309 
Aldehyde, 10, 14 
glycollic, 16 
group, 23 
resin, 11 
tests for, 10, 11 
Aldehydes, 14, 16 
Aldoses, 22 

Aleurone grains, hg. 2, 28, 56 
Aliphatic series, 17 

Alkali-metaprotein, 42, 104, 113, 216, 
240 

Alkaline hsematin, 248 

absorption spectrum, 249 
haematoporphyrin, 248 
absorption spectrum, 249 
phosphates in urine, 194 
pyrogallate, 278 
reserve of blood, 178 
tide, 183 

Alkaloid products of bacteria, 86 
Alkyls, definition, 13 
Allantoin, 202 
Allyl alcohol, 34 
Alveolar air, 170 

carbon dioxide pressure in, 172, 173, 
174 

collection of, 171 
oxygen pressure in, 171, 172 
epithelium and secretion, 172 
Amboceptor, 157 

Amide nitrogen in proteins, 52, 54 
Amines, produced by bacteria, 116 
Amino-acetic acid, see also Glycine, 17,45 
-acids, 2, 17, 44, 45, 65, 72, 114 
decarboxylation of, 116 
estimation of, 53, 235 
fate of, 129, 187 
list of, 49 
liver and, 72 
in urine, 215 
-butyric acid, 118 
-caproic acids, 45, 46 
-ethyl alcohol, 39 
-ethyl sulphonic acid, 123 
-glutaric acid, 46 


Amino group, 45 

-hydroxypropionic aci< *» 
-nitrogen, estimation 
in proteins, 53 
-oxypurine, 65, 200 
-oxypyrimidine, 50 
-propionic acid, see Al^^*** 
-purine, 65, 200 
-succinaniic acid, 46 
-succinic acid, 46 ^ 

-thio-propionic acid, 
-valeric acid, 45 
Ammonia, 2, 50, 114 
and urea, 189 
and uric acid, 199 
excretion of, 9 
in urine, 120, 190, 
estimation of, 260, < 

recognition of, 6 
solution of, 295 
uses of, 190 

Ammoniacal decomposit i»«i 
Ammonium carbonate ati*! 
carbonate and urea, 1 
salts, effect of giving, t 
sulphate on proteins* 
232 

Ammonium-magnesium 

195 

Amoeboid movement, 
Amygdalin, 30 
Amyl alcohol, 292 
Amylase, 27, 88, 110, 11^ 
in infants, 114 
Amylolytic or amylocla«%t 
Anabolism, 95 
Anaerobic micro-orgaiiirntti 
Anaesthetics, narcotic 
Analyser prism, 286, 
Anaphylaxis, 158 
Animal foods, 70 
Anions, 92, 300 
list of, 300 
Animal starch, 29 
Anisotropic bodies, 38, 
Anode or positive pole, 
Antiabrin, 156 
Antigens, 156 
and anaphylaxis, 158 
Antiseptics, 86 
Anti-enzymes, 95 
-pepsin, 106 
-ricin, 157 

-thrombin, 138, 139 
-toxin, 156 
-toxins, 106 
-trypsin, 106 
-venin, 156 
Apnoea, 172 
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Arabinose, 225 
Arginase, 91, 189, 202 
Arginine, 48, 53, 54, 91, 114, 117, 202 
fate of, 188, 189 
intravascular injection of, 188 
Aromatic amino-acids, 46, 59 
compounds, 17 
Arrhenius on electrolytes, 301 
Arterial blood, 148 
gases of, 170 

Artificial blood corpuscles, 38 
gastric juice, 100 
pancreatic juice, 240 
parthenogenesis, 301 
Ash in meat, 5 
Asparagine, 46 
Aspartic acid, 46, 114, 118 
Asphyxia, 145 

Assimilation and immunity, 157 
Asymmetric carbon atoms, 292 
Atmospheric air, 160 
Atomic weights of elements, facing 
Preface 

Atypical globulin, 253 
Autolysis, 89 
Autolytic enzymes, 89 
Avogadro’s law, 161, 305 


Bacteria, 86 
pathogenic, 158 
Bacterial action, 115, 116 
Bactericidal power of blood and lymph, 
154, 155 

Bacteriolysins, 155, 157, 158 
Bang’s method of glucose estimation, 
225 

micro-method of blood analysis, 317 
Barcroft’s blood-gas apparatus, 165, 293, 
294, 295, 296 
mercurial pump, 292, 293 
tonometer, 165 

Barger on molecular weight estimation, 
318 
Barley, 67 

Basement membranes, 61, 100 
Basic group, 48 
Bayliss on adsorption, 308 
Beans as food, 70 

Beaumont, Dr, on gastric secretion, 100 
Beckmann’s difierential thermometer, 306 
Beef tea, 80, 255 
Beetroot, 26 

Bence-Jones protein, 213 
Benedict’s method of sugar estimation, 
210 

of sulphur estimation, 273 
of urea estimation, 263 
qualitative test for sugar, 19 

11 


Benedict’s solutions for sugar, 210 
for sulphur, 273 

Benedict-Lewis method for blood-sugar, 
244 

Benger’s liquor pepticus, 84 
pancreaticus, 107 
Benzene, 17 
nucleus, 17, 18 
ring, 46, 47 

Benzidine test for blood, 135 
test for sulphates, 272, 317 
Benzoates for extracting vegetable 
protein, 230 
Benzoic acid, 203 
ester, 10 
Beri-beri, 82 

Bernard, Claude, diabetic puncture, 119 
on liver glycogen, 128 
Bertrand’s method of glucose estima¬ 
tion, 226 

Bienenfeld on human caseinogen, 76 
Bile, 37, 120-125, 218 
actions of, 107, 108, 125 
amount of, daily, 121 
I characters of, 121 

! circulation of, 122, 125 

constituents of, 122-124 
I in meconium, 127 

! in urine, 212, 214, 278 

mucin of, 108, 122 
pigments, 121, 123, 182 
salts of, 121, 122 
tests for, 108, 212 
uses of, 90, 115, 124, 131 
Biliary fistula, 120 
Bilicyanin, 124 
Bilipurpurin, 124 
Bilirubin, 121, 123, 275 
Biliverdin, 121, 123 
Bi-molecular reactions, 93 
Biological test for blood, 76, 154, 159 
muscle, 254 
urine, 264 
Bitter almonds, 30 
Bi-urates, 198 
Biuret, 57, 179 

reaction, 41, 42, 56, 66, 85, 105 
cause of, 57 

‘‘ Black-water fever,” 214 
Blood, 133-154, 217, 241-247 

agglutinating action of, 158 
ami no-acids in, 129, 247 
biological test for, 76, 154, 159 
changes in lungs, 160 
clot, 137 

coagulation, 89, 133, 137-141 
experiments on, 133 
corpuscles, 137, 143-145, 279-282 
crystals, 135 
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Blood- gas analysis, 136, 
gases of, 161-179 
laking of, 144 

micro-chcmical analysis of, 317 
oxygen capacity of, 136, 296 
oxygen of, 165 
reaction of, 169, 316 
Blood-plasma and scrum, 1, 133, 141, 
142, 143 

platelets, 137, 141 
pressure, peptone on, 243 
leech extract on, 242 
hirudin on, 243 
specific gravity of, 142 
spectroscopic examination of, 134, 247 
tests for, 136, 154 
Bone, 8, 60, HI 
composition of, 69 
corpuscles, 69 
marrow, 34, (i9 
Bowman’s capsule, 182 
Boyle-Mariotie’s law, 395 
Brain, 37, 38, 109 
Bran, 78 

Bread, 67, 69, 79 
composition of, 79 
tests with, fi9 
Bright’s disease, 213, 214 
Brown flour, 78 

Brown on estimation of ammonia, 261 ^ 
Brown and Morris on starch f»y«l roly sis, 
98 

Buchner on yeast enzymes, HH 
Buckmaster on (3)., and laemogloijiri, 
169 

KufTers in blood, 179 
Buffy coat, 136 

Building stones of protein, 139 
Bunge on hmmaiogens, (i3 
on milk, 72, 73 
Bush tea, HI 
Butter, 2, 68 
Butyl alcohol, 15 

Butyric add, 15, 27, U5, 116, 119 
fermentation, 28 
Butyrin in milk, 75 


Cadavkeine, 116, 215 
Cadmium, jvr Atomic Weights of KIc* 
merits 

Caffeine, 81, 209 
(!aldum, 1, 8 
carbonate in saliva, 97 
in urine, 203, 296 
caseinDgenatc, 74, 75, 239 
chloride, 6f) 
fluoride, 60 
Wood, 138, 139 


(dlcium oxalate in 139 

in urine, 293, 291 
cr)Hta!s, 197, 204 
rigor of heart, 391 

salts and coagulation of 74, 

138, 139 
of nifik, 74, 239 
soap, 33 

Camphor and 'IVdleiis’ test, 213, 225 
Canfdiculi, 6t) 

Cane sugar, SiiCfo‘%t» 

(kiproic acid, 45 
Caproin, 75 
('aramt‘1, 29 
Ckirhainate, 1H9 
Cdrhamidff, 181, irf iiAc I’n-.i 

Carhohycirates U 2, 19 31, *9, ^2* 

m 

ahsorptiim «if, 128 
rolhmlal, 29 
drfiidlitni 22 

in nw Icdc arid, 64 
in proteins, 62 
li^^l of, 24 
tixidalion of, 161 
te^s for, 19-21, tMf 
uses of, 3 
Carbolic add, li 
in iiriiie, 211 
puiwniing, iiriin* in, 278 
tests for, 12 

t .’arboii, 1, ur Aloiidr Wripjil» hlc» 

menis 

atoms in albtimiin 59 
tlaily output from 79 

detfciioii of, 5, H 
niirfigfii, ratio id, 71 
CkuboiiiilcH in lilood, 169 
in isrinr, 194 

Carlioii dhixide til blood, 112, 1119 
179. 172, 178 
in reti cof|m*clcH, 169 
in |ilasiiia, 169 

liresiurc in a!%f?ol;ii iiif, 172, 173 
scihibility in watrr» llil 
Itriiiiifiii ill IiIcmmI, 179, 172 
ill liiiSweM, 174 

CarlKmic nxiile, rifert of 1*53 

formaiioti frorw tirisi, IH5 

148,1^, 2IM, 247,219, 

mti 

li;t,*nioglfiliiri iibsorfitifiii L|«ctrii!ii, 

152, 153, 249 
t arUixyl, 14, Hi, 1S8 
Cardiac glands, BKI 
miiscitj, 254 
Ciirnlvorous bile, I2i 
(‘arolifi, 49 
Cardlage, 61 


I 




t’j .rip. til, m, 7.% niK 23(1 

7, ji, :a, (II, 68, 69, 73, 

, 74. *2.111 

iP firm Ilf rti’p%m Pil, 113 
4% A 4|i 4l.ar. 235 
I |WP»l?li! « n|, ,1(1 

I?* r. # I, 231 

A't iiJr'Il. <4 ,l!?l.l|lip|i in, r»3 

] f -1 2311 

* '3 flip .iil.ili'H 73 

. ' il - .Ul ,, 7.\ HI, 231} 

I I. .1' iP ill I'p , 2t}3 
t' '*. .sip’ .piioH, 3(}y 

I ihrA , i>p.r,j aur »iiif! Pi'i^^.iuir, 31 
A'iU'tit *4 rn/\uir% !ll 

* pp''|,»i4iii ^4, fi|». 7, 111 

4H. |»fp!rill‘i pf, (|2, (13 

‘Ih, ‘J!», *M 

III Al'ilpl.ll w 2tl 
|♦'4?|l’f4' I|M|| pi, h!i, 111 
i rit?f4l pf fiiiphr. glafwip, lf!(, UMI 
I '■rfrl4,’;| At} * fill-1« 237 
I 

l!rfr3fir» iJal.w lp'v|s|f‘% HI, 3H 
I 'ft ? !'• in 3*4 
I - tr|.f/s li«p|, 237 

in Iirf4> »|r ijrinniiPii, *iriH 

* /f/4i ir-, :ri 

( I . pn PiWu 3lil 
t I, 71 

( ip il ? .ill litisl riiriiliir 

|j^4,«i»4iiPtp 2!tl 
$isH3$r id i p *W| 

I til l‘4 4!^. I 

pf I }p|«|ii4 4tt» *i 

I i#riiir4!f% i f 4 p|.*i ficrtiiliifi, 237 

»4 illpiit ItiM 

4 IpWli* II *4, 7(i 

I ||‘jl!» f'»i» I* nil ihrl, 71 


f III *1 il 4P»I IMI’-'ti* t0* I, 213, 223 
I III .'i#,wr» il^2, Ittil 

,t« !*>'$ »lr« n |H| 

f'lt 

r pf ft 

1r'4!' fpf, lilt 

I i» p. Afp’/«ic Wctgiit-^ «♦! 

I IfM'lrlit 

f 121 

t (ipWr» i4« i^» l'ir» 

I te4r#4 rr*l l«i Itiiliilr, 241 


Ilinlf%i#fiff, p-f (,ttn|i**4t»riil 

t 37f 3^* 121» I4J, 219 


til MW^i< 143 


ill firrr l*M 


III liw-hliPf 


ChnlestiTol, micro-method of estimating, 
317 

of bile, 124 
of blood, 143 

preparation from brain, 109 
[irotective action of, 139 
tests for, 109 
Clioletelin, 124 
(tholine, 31) 

in nerve degeneration, 238 
on blood jireHsure, 239 
tests for, 25B, 259 
(!lK»nclrin, 61 
C'hondm-mucokl, 62 
('lumclroiiin sulpluiric arid, 62 
(1ifm<lro»amine, 62 
C'htada tytnpani nerve, 95 
saliva, 97 

C3u>rokl gland, 257 
plexus, *257 
(Jhromatin, 63 

Chromogens in urine, 18 2, 277, 278 
Chromo-proteins, 58, 62 
(!hyle, ISl, 132^ 
molecular basis of, 131 
Clivme, 121 
Cilta, 301 

Circular polarisation and chemical con¬ 
stitution, 291 
Circulating protein, 187 
Circulation cjf bile, 122, 1*25 
Cirrhosis of liver, 187 
C titrates, action on blood, 133, 242 
(tilric acid, 183 
In milk, 76 

Clarh’i eisence of rennet, 81 
Cleavage pnalucts of digestion, 44 
of proteins, 2, 44, 45, 60, 51 
Clotting of blood, 132, 137-141 
intravasc!ular, 138 
Chi|Kjint% 59 
CCJg baunoglobin, 169 
(!<mguktirtg point, 3(H) ^ 

(tcmgulation and precipitation, 57 
ofldood, 137441. 2l.k244, 309 
of milk, 68, 74, 230, 309 
of muscle, 253, 254 
of proteins, 55, 57 
Oiagulative enxymes, 89 
Cobra venom, 38 
' Cocoa, 81,200 

' CkKdrickntofsolubility ofagas, 102 
. Coefftciente of oxidation, 176 
i table of, 177^ 

(,kr»enxyn»e of lipase, 115 
Co-f*nxymc*s, 90 
Codec, 81,2(K) ^ 

Cothn lid crysttds of triple phosphate, 
195, 205, 206 
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Cola nut, HI 
(k)k‘ on uric acid, 2(15 
CoICh test for bile, 212 
Collagen, 45, (10 
effect of cooking on, 80 
pancreatic Juice and, 114 
Collimator of spectroscope, 140 
Colloid carbohydrates, salting out of, 20 
Colloidal iron, 240 
solution, 54, 300 312 
and surface tensirm, 311 
and suspension, 311 
Colloids, 55, 303, 309 
and diffusion, 303 
and emulsions, 115 
and ionic reactions, 02 
examples of, 300-312 
inorganic, 309 
osmotic pressure of, 308 
Colostrum, 72 
corpuscles, 72 

microscopical appearance, 73 
Combustion in body, 9 
Complement, 157 
Compounds, aromatic, 17 
ffmnd in body, 1, 2 
typical organic, test for, 10, II, 12 
Condiments, 81 
Conductors of electricity, 300 
Conpo-red fibrin, 233 
Conjugated proteins, 58, 01, 146 
classes of, 02 
(kmnective tissue, 77 

ground substance of, 62 
white fibres of, 00 
(kmtinuous spectrum, 149 
Contractile tissues, Ringer on, .*101 
Cooking of food, uses of, 79, 80 
Copper, 1, sef Atcunic Weights of 
Elements 
albuminate, 60 
Coprosterol, 126 
Couerlie on edrdbrote, 39 
Cream, 68, 73 
Creatase; 192 
Great inase, 192 
Creatine, 48, 80, 191, 192 
estimation of, 267 
fate on injection, 191 
in muscle, 191, 192 
in urine, 191 
preparation of, 255 
Creatinine, 44, 187, 191 
and F'ehling’s test, 213 
and sugar, 181 
and unne nitrogen, 202 
estimation of, 207 
in urine, 191 
tests for, 181 


Creosote and 'LdleiiY reaction, 225 
C!roft Hill on reversibility of cii/yiiir*-. Ui 
< Tossed nicols, action c4, 2H7 
(Vystallin, 09 
(Vystallinr lens, 00 
('rystallisabli* proteins, 50 
(kyslallifiation <»f prolcins, 50, 22® 
Crystallokk, 55, A12, 3(H( 

Crystals from IiRkhI, 24, 135, 145, Mil, 
14/ 

“(ktorin of Erlaiidseii, 37 
(Curative 155 

Curd, OH, 74 

Curdling (d milk, OH, 73, 39ft 
C’yanuric acid, 179 
Cyclopleririe, 59 
Cysteic acid, 295 
Cysteine, 294, 

Cystine, 49, 53, 
crystals, 294 

deposit in urine, 203, 294, *Jlfl 
in keratin, 01 
in proteins, 49 
in urine, 2(W, 296, 215 
.source rd, 295 
Cyst inil ria, 215 
Cytosine, 59, 04 


Dakjn on liver en/,ymes, I*29 
on aiiiino-arids, 52 
Dale .and Evans on blood En, 310 
Daltondlenry law, 102, 395 
A, meaning of, 396 
A of serum, JWlO 

A of *9 per cent, scMlitini cliloritlr, 390 
DcamirwiCfs, K9, 292 
Deamiriaticui, 139 
Deamiiiiwl iMulifs, IBK 
Deaminisiiig i*fi/,yriies, 65, HIO 2(^i 
DccJiIeificalion of blonil, 139, 241, 242 
of milk, 74, 231 

Drearboxylitllosi of afiiiiio adds, 116 
DorinoriiiJil arid, amiiitiriia ef|iiivalriit 

fd; 209 

DtTrnnposiiiffn prcMliifl** of fils, 31 
Defenrc!^ of flit* li*»cly, Ifel 
I )efrienry dtseitses,, 82 
Dentirif% 69 

I >epoHit?i in iiriiie, 293-*Jil 
Dciolcoleeilliin iiiitl I5li 

Defection «»f erayroeii, 

Detilero prof rose, 194, 195, 113, 217. 
232-233, 249 
and mil, 232 
in ttrlfie, 213 

Desjrm, 21, M 29, HM, 215 
diitifiction from glycf»giTi, 2!l 
k*f4fs for, 21 
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Dextro-rotatory bodies, 24 
Dextrose, see Glucose 
Diabetes mellitus, 118, 119, 213 
Diabetic coma, 119 
urine, 208-212 
Diacetin, 35 
Dialyser, 55 
Dialysis, 55, 299 
of proteoses, 232 
Diamino-acids, 48, 49 
caproic acid, 48 
nitrogen in proteins, 52 
valeric acid, 48 
Diaminuria, 215 
Diastase, 88, 227 

Diastatic enzymes, quantitative deter¬ 
mination of, 228 
Diazine derivative, 48 
Dicarboxylic acids, 16, 46 
amino-acids, 49 
Dichloracetic acid, 3H 
Diet, 70, 71, 72, 187 
tables, 71 
Dietary, 71 
Diffusion, 55, 302 
in lung, 170 
Digestion, 84, 233-241 
gastric, 84, 85 
object of, 307 
pancreatic, 107 
salivary, 84 
Dihydric alcohols, 15 
Dimethyl xanthine, 200 
Dioxypurine, 65, 200 
Dioxypyrimidine, 50 
Dipeptides, 51 
Diphtheria anti-toxin, 156 
toxin, 156 

Direct-vision spectroscope, 150, 151 
Disaccharides, 23, 26, 31 
Disintegration of leucocytes, 138 
Dissociation, 237, 300 
curve of haemoglobin in blood, 168 
in water, 167 

Disuse atrophy, chemical changes in, 257 
Di- (thio-araino-propionic) acid, 49 
Dombrowski’s method for urochrome, 
274 

Dough, 67, 69, 78, 79 
Douglas bag, 172 
Drechsel on jecorin, 40 
Dropsical effusions, mucin of, 62 
Drummond’s test for sulphates, 273, 317 
Dudley and Evans on oxyhaemoglobin, 
251 

Dulcitol, 22 

Dumb-bell crystals of calcium oxalate, 

204 ^ 

of calcium phosphate, 205 

11 A 


Dumb-bell crystals of uric acid, 198, 199 
Dupre’s urea apparatus, 136, 180 
Dysalbumose, 232 


Earthy phosphates in urine, 194 
Eck’s fistula, 186 
Edestin, 67 

cleavage products of, 50 
nitrogen distribution in, 53, 54 
preparation of, 229, 230 
Egg-albumin, 33, 41, 42, 59, 77, 310 
cleavage products of, 50 
crystallisation of, 56, 229 
-globulin, 41, 42, 69, 77, 310 
mucoid, 77 

shell, composition of, 77 

white, 2, 41, 77 
antibody to, 157 
yolk, 77 

phosphatides of, 37, 39 
protein crystals in, 56 
vitamin of, 82 
Eggs, 70, 77 

Ehrlich’s side-chain theory, 157 
Einhorn’s saccharimeter, 208 
Elastic fibres, 61 
Elastin, 61 
in bone, 60 
Elastoses, 104 
Electrolytes, 92, 300 

Electrometric method of determining 
acidity, 316 

Elements, atomic weights of, facing 
Preface 
detection of, 6 
found in body, 8, 9 

symbols of, see Atomic Weights of 
Elements 

Emulsification, 33, 36, 131, 132 
Emulsion, 108 
Enamel, 60 

Endogenous metabolism, 188, 192 
uric acid, 201 
Energy from food, 70, 71 
Entero-kinase, 90, 113, 240 
Entozoa in urine, 203 
Envelope crystals of calcium oxalate, 
197, 204, 206 

Enzyme action, table of, 88 
coagulation, 57, 60 
milk curdling, 115 
Enzymes, 16, 36, 85, 86-95 
autolytic, 89 
coagulative, 89 
deaminising, 65 
detection of, 220 
diastatic, 27 
hydrolytic, 89 
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Ivnzymc.s, inverting, *28, HB 
lipolytic or lipocla.slic, 8B 
oxidative, 65 
pcpt<»lytic, ns, 202 
proteolytic or proteodastic, BiK 202, 
22B 

tissue, B9, 202 
uricolytic, 20S 
Kpiblast, 60, 01 
Epidermis, <H 

Epithelial cells in urine, 203 
mucin in, 62 

Epsom salts, taste of, 103 
Krepsin, HO, 113 
of tissues, ‘202 
Erythrocytes, 137 
Erythrodextrin, 28, 84, 98, 228 
tests for, 21 

Esbach’s albuminometer, 207 
reagent, 207 
Esters, 16 

decomposition by alkali, 93 
Estimation of albunnn, 207 
of ammonia, 260, 261 
of chlorides, 268, 26fl 
of creatine, 267 
of creatinine, 267 

of glucose, 208-211, 224, 225, 226, 
244-247 

of glycogen, 222 
of lactose, 211 
of maltose, 211, 22H 
of nitrogen, 259, 260 
of phosphates, 269, 270 
of phosphorus, 270, 271 
of sucrose, 211 
of sulphates, 272, 273 
of sulphur, 273, ‘274 
of urea, 180, 185, 262-264 
of uric acid, 265, 266 
of urochromc, 275 
Ethane, 13 
Ether, 16 

Ethereal sulphates in urine, 193 
estimation of, 272 
Etherification and enzymes, 16 
Ethers, 16 
Ethyl, 13 
acetate, 10, 17, 94 
alcohol, 10s 13, 94 
chloride, 13 
mercaptan, 10 
nitrite, 17 
sulphuric acid, 16 
Kuglobulin, 134 

Evans and Dudley on oxyha.rmoglobin,25I 
Exogenous metabolism, 188, 21)1 
urea, 188, 189 
uric acid, 201 


Ex I fired air, 160 
External respiralioii, 160 
secretion, 118 

Extirpation ufnmctw, 118 
Extractives, 77 
of meat, HO 
of plasma, 143 
Extraordinary ray, *Ml 


‘ Fat¥.% 126, 127 
Falk on nerve chemistry, 25fl 
Fat, 1, 2, 3, 32, mi, 6fi, 131 
:j absorption of, 131, LT2 
‘ cells, protein i*nvelo|it‘ «if, 103 
constitution of, 34 
decumiKisition prodiitis of, 35, 311 
estimation of, 36 
melting-points of, 
origin of, in kwly, 13! 

' oxidation of, 161 
synthesis, 132 
tests for, ^ 

Fat-Hplittlng by li|xise, 32, 36 
; Fatal temperature f«ir eiixytiiei, 94 
] Fatigue products on rei|firal«ry ceritrr, 

! Imts, 1,^3, 70 
' estimation of, 231 
of milk, 69, 75, 231 
uses of, 3 

Fatty adds, 2, 15, 32, 34, 35 
* on egg cells, 361 

from pr»»tcins, 45, 11 f> 

I solvent for, 132 

tests for, 32, 33 
Fatty degeneration, 38 
Fatty or aliphatic scries, 17 
Feathery star cryslaL of irifile pbnv 
pbale, 194. 265, mm 
Feeding of rbildren, 7fl 
Fdiling’* soliilicin, 111, 209 
test, 19, 25, 69 
value of, 213 
JA*rmriitation, 86 
butyric acid, 27 
laclk acid, 27 

test for glucose, 19, 25, 214 

Fermcfits, irr Kfizyines 
Ferricynriidc of on imytuma* 

gliibln, 136, 132, 133, 161, 217 
Fertilimliofi, I^eli on, 31)1 
Fibrin, 60, 83, 89, 136, 137. 138, 212 
and calduin, 

nitrogen, flisirlbiiiton In, 54 
Fibrin ferment or thromliifi, 57* 138 
pre|»rati«fi #f, 133 
soiiffre of, 137 
leii for, 242 
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Fibrin filaments, fig* 21, 137 
Fibrin, gel and sol, 140 
Fibrinogen, 60, 89, 140, 142, 242 
heat coagulation of, 55, 142 
percentage in plasma, 142 
Fibrous tissue, 81 
Filtration, 303, 307, 309 
Fischer, E., on protein constitution, 
52 

Fischer’s “ I*ock and Key” simile, 91 
micro-polarimetric method, 318 
Fish spermatozoa nuclein, 63 
Fistula bile, 125 
biliary, 120 
gastric, 100 

Fixed carbon dioxide of blood, 169 
Fleischl’s hcemometer, 283 
Flour, 69, 78, 79 
brown, 78 
tests with, 69 
whole, 78 

Fluorescent screen, 251 
Fluoride blood, 242 
action of, on coagulation, 139 
plasma, 139, 242 

Fluorine, 1, see Atomic Weights of 
Elements 

Folin on creatinine, 193 
on nitrogen excretion, 187 
Folin’s method of ammonia estimation, 
261 

of creatinine estimation, 267 
of urea estimation, 264 
for total sulphates, 272 
micro-chemical method for uric acid, 
266 

test for uric acid, 196 
Folin and Denis, uric acid estimation, 
266 

Folin and Macallum’s method for uric 
acid, 266 
Foods, 68-83 

accessories to, see Vitamins 
adjuncts to, 81 
cooking of, 79 
tests for, 68-69 
Food-stuffs, 70-72 
Formaldehyde, 14, 41, 42, 261 
method of ammonia estimation, 261 
of amino-acid estimation, 235 
reaction for proteins, 56 
Formalin, 261 
Formic acid, 11, 34 
tests for, 11 
ester, 11 

Fractional heat coagulation of muscle, 
253 

of nerve, 256 

Fraunhofer’s lines, 134, 148, 151 


Fredericq on apnoea, 173 
Free caseinogen, 74, 230 
Free elements in body, 1 
Freezing-point and osmotic 'pressure, 
306 

Frog’s intestine and fat absorption, figs. 
19 and 20, 130, 131 

Fructose or Icevulose, 19, 22, 23, 25, 
31, 88, 94, 112, 216, 223 
and phenyl-hydrazine test, 223 
Functional activity and tissue respira¬ 
tion, 176 

Fundus glands, 99, 100 
of stomach, food in, 98 
Fungi in urine, 203 
Furfiiraldehyde, 123 


Galactose, 22, 23, 25, 27, 39, 75, 88, 
223 

and phenyl-hydrazine, 223 
Galactosides, 37, 38, 256 
Gall-bladder bile, 121, 122 
Gall-stones, 37 

Gamgee, photographic spectra, 250, 
251 

Garrod and Hopkins on stercobilin, 
124 

method for preparing urobilin, 275 
Gas analysis, Barcroft’s apparatus for, 
293 

chemical method, 136 
Haldane’s apparatus, 297-299 
in fluid, measurement of, 163 
Gaseous exchange in lung, 170, 307 
in tissue, 170 
of organ, 177 
metabolism of body, 176 
Gases of blood, 169 
of intestine, 115 
of plasma and serum, 142 
solution of, in water, 161, 165 
Gastric digestion, experiments on, 84 
of proteins, 104 
fistula, 100 
glands, 100 
juice, 98 

acid of, 102, 239 
estimation of, 239 
actions of, 103-105 
antiseptic, 85 
artificial, 100 
composition of, 102, 103 
dog’s, 102, 103 
secretion of, 98, 100 
psychical element in, 103 
lipase, 103 
Gastrin, 112 

Gay-Lussac’s law for gases, 305 
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Gel, 309 

Gelatin, 2, 60, 61, 80, 81, 219, 234 
cleavage products of, 50 
filter, 310 

nitrogen distribution in, 54 
tests for, 43 
Gelatinisation, 43 
Gelatoses, 104 

General paralysis of the insane, 258 
Gerber’s acido-butyrometric method, 231 
Germ theory of disease, 86 
Glands, oxygen pressure in, 175 
Gliadin, 67 

cleavage products of, 50 
nitrogen distribution in, 53, 54 
Gliadiris, 67 
Globin, 59, 146 

Globulicidal power of blood and serum, 
155 

Globulin, 55, 58, 59, 60, 217 
distinction from albumins, 59, 60 
in nervous tissues, 255 
Globulins, vegetable, 67 
Globuloses, 104 
Glossopharyngeal nerve, 95 
Glucal, 64 

Gluco-proteins, 58, 62 
Glucosamine, 62 

Glucose, 22, 23, 24, 25, 27, 30, 31, 88, 
94, 112, 208, 216, 223 
Bang’s method of estimation, 225 
Bertrand’s method of estimation, 226 
in blood, Maclean’s micro-method, 
244-246 

estimation of, 244-246 
in urine, 213 

polarinietric estimation, 224 
isomers of, 31 
phenyl-hydrazine test, 223 
reducing power of, 28, 211 
tests for, 19, 20 
Glucosides, 29, 30, 31 
Glutamic acid, 46, 67, 114, 118 
Glutelins, 67 
Gluten, 67, 78 
tests with, 69 
Glutenin, wheat, 67 
nitrogen distribution in, 53 
Glyceric ethers, 34 
Glycerides, 34 
Glycerin, see Glycerol 
Glycero-phosphoric acid, 39 
Glycerol, 2, 15, 34, 35 
Glycerol, extract of stomach, 85 
tests for, 33 
Glyceryl, 35 

Glycine, 17, 45, 46, 51, 215 
in faeces, 125 
in globulin, 60 


j Glycine in urine, 215 
I Glycocholate of sodium, 121, I2t,i 
i Glycocholic acid, 123 
Glycocoll, see Glycine 
Glycogen, 29, 88, 98, 222,-223 
estimation of, 222 
in liver, 128 

micro-chemical detection of, 2l 
preparation of, 222 
tests for, 21 

Glycogenic function of liver, 119 
Glycol, 15, 16 
Glycoleucine, 46 
Glycollic acid, 16 
aldehyde, 16 
Glycolysis, 119 
Glycolytic enzyme, 119 
Glycosuria, 119 
Glycuronates, 214 
Glycuronic acid, 213, 225 
tests for, 225 
Tollens’ test for, 225 
Glycyl, 51 
-glycine, 51 
-leucine, 51 
Glyoxal, 16 
Glyoxylic acid, 16, 42 
and Tollens’ test, 225 
Gmelin’s test for bile pigments, 
Goblet cells, 62 
Gooch crucible, 272 
Gordon on circular polarisation. 
Gout, 199 

Gowers, Sir William, hmmac} 
279 

haemoglobin ometer, 282 
Gowers - PTaldane hmmoglobi 
standardisation of, 283 
Graham on colloids,,.55 
Gramme-molecular solutions, 3(1 
Granules, zymogen, 90, 241 
activity of, 97 
in gastric glands, 101 
Granulose, 28 
Grape sugar, see Glucose 
Gravimetric glucose estimation. 
Green vegetables, 81 
Gross and Fuld’s method for ci 
proteolytic enzymes, 235 
Ground substance of connective 
of tendon, 43 

Griitzner’s method for enzymes, 
Guaiacum test in blood, 135, 15 
in milk, 154 
Guanase, 202 

Guanine, 64, 65, 200, 201, 202 
Guano, 201 
Guanosine, 65 
Guanylic acid, 65 
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Guarana, 81 
Gum and emulsions, 33 
Giinzberg’s reagent, 238 
test for free hydrochloric acid, 238 
Giirber on serum-albumin crystals, 56 


H^MACYroMETER of Sir William 
Gowers, 279 

of Dr George Oliver, 281 
of Thoma-Zeiss, 280 
Hsematin, 146, 147, 248, 249 
acid, 147, 248, 249 
absorption spectrum, 249 
in ether, 249 
alkaline, 147, 248, 249 
absorption spectrum, 249 
iron-free, see Hoematoporphyrin 
Hasmatogen, 63 
Hasmatoidin, 121, 147 
crystals, 121 
Hsematoporphyrin, 147 
acid, 248, 277 
spectrum, 249 
in urine, 147, 276 
spectrum of, 277 
Hsemin, 147, 154 
crystals, 135, 147 
preparation of, 135, 147 
Hsemochromogen, see Reduced Hsematin 
Haemoglobin, 8, 56, 62, 134, 145, 146, 
247 

absorption spectrum, 151, 152, 249, 
250 

cleavage products of, 54, 146 
compounds of, 148, 153 
crystals, 145, 146, 251 
derivatives of, 147, 148, 247, 248 
photographic spectrum, 250 
Haemoglobinometer of Sir William 
Gowers, 279 

of Dr George Oliver, 282 
Haldane’s, 283 
standardisation of, 297 
Sahli’s, 283 
Haemoglobinuria, 214 
and haemolysins, 155 
Haemolysins, 155, 157, 159 
Haemolysis, 144 

Hjemometer, von Fleischl’s, 283 
Haemopyrrol, 121, 124, 147 
Hair, 43, 61 

Haldane’s gas analysis apparatus, 297, 
299 

haemoglobinometer, 283 
Haldane and Priestley on apncea, 173 
Haldane and Priestley, method for 
collecting alveolar air, 170 
Halogen estimation, micro-, 137 


Halogens and proteins, 66 
Hamburger on enzymes, 234 
Hammerschlag's method for blood 
specific gravity, 284 
Haptophor group, 157 
Hardy on colloidal solutions, 311 
Hausmann on protein constitution, 52 
Haversian canals, 60 
' Hayem’s fluid, 282 
Hay’s test for bile salts, 108 
Plead on apnoea, 172 
Heart, action of ions on, 301 
calcium rigor of, 301 
Heart muscle, 301 
Heat coagulation of muscle, 253 
of proteins, 57, 253, 256 
contraction in nerve, 256 
formation and muscle activity, 176 
rigor, 253 

Heidenhain on secretion of gastric juice, 
101 

Hekma on blood clotting, 140 
Heller’s nitric acid test, 207 
Hemp, 67 

Plenry-Dalton law, 162, 305 
Pleptoses, 23 
Plerbivorous bile, 122 
urine, 183 

Herring and Simpson on pressure in 
bile duct, 121 

Heterocyclic compounds, 18 
nitrogen in proteins, 53 
nucleus, 49 

Hetero-proteose, 104, 105, 232 
Plewitt and Pickering on blood coagula¬ 
tion, 139 

Plexahydric alcohols, 15, 22 
Hexahydroxy-benzene, 26 
Hexamethylene tetramine, 261 
Hexone bases, 49, 58 
Hexoses, 23, 24 

Hill, Croft, on reversibility of enzymes, 94 
Hilum, 28 

H-ions in blood, 169, 173 
Hippuric acid, 18, 183, 203 
preparation of, 203 
Hirudin, 243 
plasma, 243 

Plistidine, 48, 53, 54, 117 
Histones, 58, 59, 146 
Hofmeister on crystallisation of egg- 
albumin, 56 
Homogentisic acid, 214 
Ploofs, 61 

Hopkins on crystallisation of egg- 
albumin, 56 

Hopkins’ method for uric acid estimation, 
199, 265 
on vitamins, 82 
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Hopkins’ tent for kctic arki, 2JIH 
tesl for lactic add in muscle, ‘io2 
Hoppe-Seyler on protdn comtK>siti«n, 

44 I 

I lorclein, d7 | 

nitrogen distribution in, 53 j 

Hormones, 112 j 

Homs, 61 i 

Howell on rhythmical action, 301 j 

on blood dotting, 130 1 

Human blood, identification c>f, 154, - 
159 I 

Humin nitrogen in proteins, 54 ; 

Hydrazone, 11, 223,224 
I lydrobilirubin, 124, 182, 275 
Hydrocarbons, 13 
Hydrocele fluid, 141 
I lydrochinon in urine, 27H 
I lydrochloric acid, 98 

actions of, 103 ’ 

formation of, 101 ; 

of gastric juice, 102, 2J19 
tests for, ^8 
0‘2 per cent., 85 
Hydrogel, 309 

Hydrogen, 1, Atouuc Weights of ! 
Elements | 

detection of, 5, 6 ! 

electrode, 310 | 

ion concentration on respiration, 174 j 

Hydrolysis, 44, 104 
protein, 44, 65, 66 
Hydrosol, 309 
/3*Hydroxybutyrasc, 120 
/^-Ilydroxybutyric acid, 120 

deteclicm of, 213 | 

in urine, 213 I 

Hydroxyethylamine, 39 * 

Hydroxyl, 13, 14 j 

Hydroxylamine solution for hang's ! 

method, 226 

a-IIydroxypentacosanic acid, 39 
I fydroxypropionic acid, 45 
Hydruna,^ 183 
Hypertonic solutions, 306 
Hypobromite (»f sodium on urea, 185 
method, defects of, 262 
Hypotonic solutions, 306 
Hypoxanlhine, 65, 80, 200, 201, 202 


iMBiiirnoN, 307 

Iinidazole”iimino*pr<jpionic acid, 48 
fmidazolethylaniine, 117 
Immune body or amboceptor, 157 
Immunity, 76, 154-159 
and assimilatirm, 157 
side-chain theory of, 157 
Inactive lipase, 115 


Imiican of phinK, 30, 103 
of urine, 103 
Jfifle 8 lest for, 278 
Ui^rmayer’s IchI for, 27H 
IndicatoiK, 315 
range of a few, 315 
Indiffusibilily of protein!-^, 55 
Indigo, 103 
blue, 278 

red, ‘i78 
Indole, 47, I HI 
ring, 54 
test ff>r, 241 

Indole-amimi-prcspioiiir acid, 47, 114 
Indc^yl, 30, 103, 104, 27« 

-sulphuric acid, 278 
Inexhaustibility of eri/.ymes, !I1 
Infection, 86 

Inflation and deflation of lung, 173 
Inoculation, rurative and prolrciive, 
154 

Inorganic catalysiH, 01 
colloids, 307» 311 
sails in protoplasm, 3 
sidtM in urine, tests for, 170 
amount per iltem, 268 
sulphates m urint% eslitimliofi of, 272, 
273 

IfioMte, Mt: Inositol 
Inositol, 22, 26» 26 
Inspired air, I6f) 

Intensity of respiration, 176*178 
Internal respiration, 160 
secretion, 118 
Inteslinal juice, 26 
reaction, 116 

Intra-eclliilar en/ymes, 89 
-vascular coagishitifiri, 138, 214 
injection», 1511 
Inversion, 20, 25t 112 
hnsTtase, 88, 94^ 

of Hucciis enlerictiii, 25, 28, HH, 112 
of yeast, 26, 87, 8H 
Iiiverl«’!iriile pigiuenin, 147 
Involuntary iiiiiade, 253, 254 
Iodine, I, 8, MY Atomic Weiglils «if 
Kleineiils 

bKlofcirm rcaclloii for nlroliol, III 
Ionic aclion, 300, 311 
conrentralioii, 315 
reactions, PI 
loiiisiiilon, 101 
Ions, 02, lOL 30fl 

Iron, i, 8, siY Aloitik: Wciglit-f td 

KleinriitH 
Tree kematin, 147 
in bile, 121, Fi3 
I in milk, 72 

I in li.einiiglobiii, 146, 165 
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Islets of Langerhans, 110, 118 
Iso-amylamine, 117 
Isobutyl-a-amino-acetic acid, 46 
Iso-cholesterol, 38 
Isomerides, 22 
Isomerism, 14, 30 
stereo-chemical, 23 
Isothermic actions, 9»5 
Isotonic fluids, 306, 308 
Isotropic bodies, 286 


Jaffa’s test for creatinine, 181 
for indican, 278 
Jaundice, 214 
Jecorin, 40 
Jelly, Whartonian, 43 
Juice, intestinal, 26, 112 
Junkets, 80 


Karyokinesis, 301 
Katabolism, 44, 95, 120, 187 
Katabolites, 187 
Kathode, 92 
Kations, 92 
list of, 300 

Kephalin, 37, 39, 256 
Kerasin, 39 

Keratin, 8, 43, 49, 50, 54, 61 
cleavage products of, 50 
nitrogen distribution in, 54 
tests for, 43 
Ketone group, 23 
Ketones, 15, 16 
Ketoses, 22 
Kidney, 9, 182, 186 
Kjeldahl’s method, 52 

of nitrogen estimation, 259 
micro-method, 317 

Kjeldahl-Allihn method for glucose, 
208 

Kossel on protamines, 58 
Koumiss, 75, 80 

Krogh’s aerotonometer, 163, 171 
Kilhne on precipitation of pepsin, 103 
Kyes, Preston, on amboceptor, 159 


Lacmoid, 260 

Lactalbumin, 59, 68, 74, 231 

Lactam form of uric acid, 199, 201 

Lactase, 88 

Lactation, urine in, 27 

Lacteals, 131 

Lactic acid, 2, 22, 27, 80 

and uric acid formation, 199 
fermentation, 27, 115 
from inositol, 26 


Lactic acid in gastric juice, 102, 239 
in muscle, 252 
Hopkins’ test for, 252 
in nervous tissue, 256 
organisms, 26 
tests for, 238, 252 
Lactim form of uric acid, 199, 201 
Lacto-globulin, 231 
Lactometer, 68 

Lactose, 22, 23, 25, 27, 28, 31, 68, 75, 
91, 112, 213, 216 
Lactose, crystals, 27 
in urine, 213 
mucic acid test for, 224 
phenyl-hydrazine test for, 223 
reducing power, 28, 211 
Lacunae, 60 
Laevo-rotation, 24, 288 
Laevulose, see Fructose 
Laking of blood, 144, 145 
Lanoline, 38 
Lard, 32 

Latent heat of evaporation, 312 
Lateritious deposit, 197 
Laurent’s polarimeter, 289 
Law of Arrhenius, 94 
of mass action, 101 
Laws of gases, 305 

Lead, 1, see Atomic Weights of Ele¬ 
ments 

Lecithin, 2, 7, 8, 37, 39, 121, 258 
an amboceptor, 159 
Leech extract on coagulation, 140, 242 
intra-vascular injection of, 242 
on blood-pressure, 243 
Legal’s test for acetone, 212 
Lehmann on the liquid crystalline state, 
38, 288 

Lentils as food, 70 
Lethal dose, 156 

Leucine, 45, 46, 48, 51, 111, 114, 
240 

crystals, 45 

in urine, 187, 203, 215 
preparation of, 241 
Leucocytes, 137 

and uric acid formation, 201, 202 
in peptone blood, 140, 243 
Leucocytheemia, 202 
Leucosin (wheat), 67 
nitrogen distribution in, 53 
Leucyl, 51 
-alanine, 52 
-glycyl-alanine, 52 
Levene on yeast nucleic acid, 65 
Lewis and Benedict’s method for esti¬ 
mating sugar in blood, 244 
Lichen’s reaction for alcohol, 10, 20 
Lieberkiihn’s jelly, 66 
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Liebermann-BurcLard reaction for 
cholesterol, 109 
Liebig’s extract, 255 
Life, a combustion, 8 
characteristic sign of, 44 
Lifschlitz’s spectrometric method for 
cholesterol, 317 
Lignoceric acid, 39 
Ling and Rendle’s indicator, 209 
method for glucose, 208 
Linoleic series, 39 
Lipase, 88 

experiments with, 32 
gastric, 103 
pancreatic, 36, 90, 111 
Lipochromes, or Luteins, 40 
Lipochrome of egg-yolk, 77 
of fat, 254 
of milk, 75 
Idpoids, 2, 36 
and toxins, 159 
classification of, 37 
of cell-membrane, 145 
of egg, 77 
of milk, 75 

of nervous tissues, 37, 256, 257 
Lipolytic or lipoclastic enzymes, 88 
enzyme and haemolysis, 159 
Liquid crystalline state, 38, 288 
Liquor pancreaticus, 107 
pepticus, 84 
sanguinis, 137 
Lithium, 1, 266 
Liver, 38 

and amino-acids, 72 
and antithrombin, 139 
and uric acid, 199 
enzymes in, 202 
fat in, 38 

glycogenic function of, 119, 128 
guanylic acid, 65 
urea formation in, 186 
Living material, 2 
membranes, 307 
test-tube experiment, 141 
Locke’s fluid, 301 
Loeb on fertilisation, 301 
on ionic action, 301 

Logarithmic curve of reaction velocity, 
93 

law of enzyme reaction, 95 
Lung, 9 

carbon dioxide exchange in, 172 
inflation and deflation of, 172, 173 
oxygen exchange in, 170 
Luteins, see Lipochromes 
Lymph formation and osmotic pressure, 
308, 309 

partial pressure of oxygen in, 170 


Lymphocytes and fat absorption, 132 
Lysine, 48, 53, 54, 215 
bacterial action on, 116 
in hsemoglobin, 54 

MacalLUm’s cobalt-nitrite test for 
potassium, 256 

Macdonald on potassium in nerve, 257 
Maclean on blood sugar, 244 
McWilliam’s test for proteins, 233 
Magnesium, 1, see Atomic Weights of 
Elements 

phosphate, in bone, 60 
in urine, 206 

sulphate, on proteins, 42, 58, 66, 69, 
134 
Maize, 67 

Malic acid, 194, 292 
Mallow, 26 

Malpighian glomeruli, 182 
Malt, 78 

diastase, 27, 93, 227 
extract, 227 
Maltase, 88 
Malting enzyme, 227 
xMaltose, 23, 24, 27, 28, 31, 84, 88, 91, 
107, 112, 211, 216 
inversion, 28 

phenyl-hydrazine test, 223 
reducing power, 28, 211 
Maly on hydrochloric acid formation, 
101 

Mammary gland, 72 
hormone, 112 
Mandelic nitrate, 30 
Manganese, 1, see Atomic Weights of 
Elements 
Mannitol, 22 
Mannose, 22 
Maquenne on inositol, 25 
Marchi method for nerve degeneration, 
257 

Marchi’s fluid, 258 
Margarine, 83 
Marrow, 60 
Marsh gas, 13 

Marshall’s urease method of urea esti¬ 
mation, 185, 262, 317 
“ Mass action,” law of, 101 
Mate, 81 
Meat, 5, 77-78 
tests with, 5, 69 

Meats, percentage composition of, 78 
Meconium, 127 
Melanin in urine, 278 
Melanotic sarcoma, 278 
Mellanby on creatine and creatinine, 
192 
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Melting-point of fats, 34 
of osazones, determination of, 223 
Membranes, living, 307 
semi-permeable, 304 
Mercurial air-pump, 292 
Mercury chlpr-iodide temperature indica¬ 
tor, 264 

Mesoblastic tissues, 60 
Metabolism, 2, 70 
endogenous, 187 
exogenous, 187 
gaseous, of body, 177 
Metaproteins, 43, 66} 216, 310 
experiments on, 42, 43 
Methsemoglobin, 148, 152, 163, 218, 
247, 249 
crystals of, 241 
in urine, 214 

photographic spectrum, 250 
spectrum of, 152, 249 
Methane, 13 
Methyl, 13 
alcohol, 14 

glucosides, a and /3, 30, 31 
glycine, 48 

guanidine acetic acid, 48 
indole, 47 
uracil, 50 

Melhyl-phenyl-hydrazine test, 223 
Metschnikoffs view of phagocytosis, 
158 

Mett’s method for proteoclastic enzymes, 
234 

Meyer and Overton on narcotic effects 
of ether, 313 

Michaelis and Rona on glucose estima¬ 
tion, 244 

Micro-balances, 317 
Microchemical analysis of blood, 317 
of urine, 317 

detection of glycogen, 223 
estimation of glucose, 244 
quantitative analysis, 316-318 
Micrococcus urecc^ 87, 184, 205 
Micro-Dumas method of analysis, 317 
-elementary analysis (Pregl), 317 
-filtration apparatus, 317 
-Kjeldahl analysis, 317 
-organisms, 86,. 87 
action on cellulose, 89 
-polarimetric method of E. Fischer, 
318 

-pycnometer, 318 

Microscopic molecular weight estima¬ 
tions, 318 

Micro-spectroscope, 151, 247 
Milk, 36, 72-77, 230, 231 
alcoholic fermentation of, 75 
anti-body to, 157 


Milk, citric acid of, 76 
coagulation of, 74, 230, 231 
composition of, 73 
curdling enzyme, 74, 103, HI 
fat estimation in, 231 
fats of, 34, 72, 73, 75 
proteins of, 73, 74 
skimmed, 68 
souring of, 73, 75 
sugar, see Lactose 
tests with, 68 

Millon’s reaction, 41, 56, 61, 69 
reagent, 41 

Milroy on blood pigments, 248 
Mineral acids and ammonia excretion, 
190 

and fats, 36 
and proteins, 65 
compounds in body, 1, 8 
salts, action on living organisms, 
301 

Mixed saliva, 97 
Molecular basis of chyle, 131 
reactions, 92 

weight estimation, microscopic, 318 
Molisch’s test for carbohydrates, 20 
Molybdic acid solution for Neumann’s 
method, 271 
Mono-acetin, 35 
-amino acids, 47, 49 
dihydroxyalcohol, 39 
nitrogen in proteins, 52 
-carboxylic acids, 15 
Monochromatic light, 289 
Mono-hydric alcohols, 3, 13, 34, 37, 
256 

Mononucleotides, 65, 202 
Monosaccharides, 23, 24-28 
Mono-sodium urate, 198 
Mono-urates, 198 
Monoxypurine, 65, 200 
Moore on osmotic pressure of proteins, 
308 

Moore’s test for glucose, 20, 24 
Moore and Frazer on van’t IIofFs 
hypothesis, 304 
Mdrner’s test for tyrosine, 241 
Morris and Brown on starch hydrolysis, 
98 

Mucic acid, 25, 224 
Mucin, 62, 218 
in saliva, 84, 97 
tests for, 43, 84 
Mucinogen granules, 97 
Mucinoid substance of bile, 122 
Mucoids, 61, 62 
tests for, 43 

Mucoitin sulphuric acid, 62 
Mucous acini, 97 
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Mucous cells, 96 
glands, 62, 97 
Mucus, 62 

in urine, 197, 203, 215 
Munk on fat synthesis, 132 
Murex, 198 

Murexide test for uric acid, 196, 
198 

Muscle, 77, 252-255 
cardiac, 254 
coagulation of, 253 
involuntary, 253 
pale, 254 
pigments, 254 
plasma, 252 

proteins, heat coagulation of, 253 
red, 254 
respiration, 177 
sugar, see Inositol 

Muscular activity and heat formation, 
176 

energy, source of, 186 
exercise on carbon output, 70 
on nitrogen output, 70 
Muta-rotation, 30 
Myelin, 38 
forms, 38 

Myo-hsematin, 254 
spectrum, 254 
Myosin, 2, 60, 77, 89, 252 
Myosinogen, 55, 89, 245, 253 
Myxoedema, 118 


Nail, 61 

Narcotic effect of anaesthetics, 313 
Natural emulsion, 36 
Negative effect, 138 

electrical charges, 92, 300 
Nencki on hsemin, 147 
on urea formation, 189 
Nernsfs electrometric method for 
acidity, 316 

Nerve, chemistry of, 37, 61, 255-259 
degeneration, chemistry of, 257-259 
heat contraction in, 256 
Nervous system, 61 

tissues, chemistry of, 255, 256 
Nessler’s reagent, 261 
Neumann’s method for total phos¬ 
phorus, 7, 270 
Neuroglia, 61 
Neuro-keratin, 61, 256 
-stearic acid, 39 
Neutral fat, 35 
point, 315 

salts, action on carbohydrates, 29 
action on proteins, 42, 57, 58, 66, 
69, 134, 232 


Nickel, see Atomic Weights of Elements 
Nicol’s prism, 286 
Ninhydrin reaction, 237 
Nissl bodies, nature of, 256 
Nitrate of urea, 184, 185, 196 
Nitric oxide haemoglobin, 148, 153 
Nitrogen, 1, 6, see Atomic Weights of 
Elements 

amount evolved from urea, 180 
distribution in proteins, 53, 54 
estimation of, 259, 260 
excretion of, 9, 70, 187, 198 
in blood, 169 
solubility in water, 162 
tests for, 6 

Nitrogenous food, 70-72 
katabolites, 187 
lipoids, 2, 37 

Nitrous acid, action on amino-group, 
53, 236 
on urea, 185 

Non-amino nitrogen in proteins, 53, 

' 54 

-electrolytes, 92, 305 
-nitrogenous lipoids, 2, 37 
residue of amino-acids, uses of, 72, 
130, 188 

-protein nitrogen in blood, 143 
Norleucine, 46 
Nucleases, 65, 202 
Nuclei, 62, 63 
Nucleic acid, 62, 63 
decomposition of, 63, 64, 65 
Nuclein, 2, 8, 9, 62, 63, 64 
Nuclein metabolism, 201, 202 
Nucleinases, 202 

Nucleo-protein, 2, 7, 8, 50, 58, 62-65, 
244, 258 

and coagulation, 138, 244 
decomposition schema, 64 
in bile, 122 

in cell protoplasm, 2, 63 
in heart muscle, 254 
in involuntary muscle, 253, 254 
in nervous tissues, 255 
in voluntary muscle, 253, 254 
intra-vascular injection of, 244 
preparation of, 63, 244 
solvent for, 63, 244 
tests for, 218 
Nucleosidases, 202 
Nucleosides, 65 
Nucleotidases, 202 
Nucleotides, 65 
Nucleus, benzene, 17, 18 
heterocyclic, 49, 50 

Nutrition of embryos and young animals, 
61 

Nylander’s reagent and test, 19, 197 
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Oatmeal, 71 

Obermayer’s reagent for indican, 278 
Oleates and liquid crystals, 288 
Oleic acid, 34, 35 
in nerve degeneration, 258 
Olein, 33, 34, 35 
melting-point, 34 
osmic acid test for, 33 
Oleo-margarine, 83 
Oleyl, 35, 39 
Olfactory nerve, 95 
Olive oil, 32 


Oliver’s, Dr George, hcemacylometer, 
281 


hoemoglobinometer, 282 
Opsonins, 158 
Optimum diet, 72 
temperature of enzyme action, 93 
Orcin reacti 9 n for pentoses, 225 
Ordinary ray, 285 
Organic catalysts, 91 
chemistry, 8 
phosphates in urine, 270 
radicals, 13 

Organs of excretion, 9, 308 
Ornithine, 48, 91, 202, 215 
bacterial action on, 116 
fate of, 189 
Osazones, 223 

Osborne on milk coagulation, 75 
Osmic acid test for fat, 33, 34, 69, 
132 


Osmium, see Atomic Weights of Elements 
Osmosis, 55, 299 
Osmotic pressure, 144, 303-309 
and freezing-point, 306 
and partial pressure of gases, 305 
calculation of, 305 
determination of, 306 
of 1 per cent, sucrose, 306 
of solutions, comparison of, 306 
physiological applications of, 306 
Ossein, 60 

Ovarian cyst fluid, 62 
Overton on lipoids, 36 
Ovo-miicoid, 62, 77 
Ox bile, 108, 122 

Oxalate of calcium in urine, 197, 204, 


206 


of calcium crystals, 204 
of urea, 184, 185 
Oxalated blood, 138, 139, 242 
milk, 68, 74, 231 
plasma, 139, 242 
Oxalic acid, 16 
tests for, 12 
Oxidases, 89, 120, 202 
in spermatozoa, 302 
Oxidative enzymes, 89 


Oxy - cholesterol, micro - method of 
estimation, 317 

Oxygen, 1, see Atomic Weights of Ele¬ 
ments 

capacity of blood, estimation of, 136, 
296 

in blood, 142, 165-169 
in solution in blood, 165, 166 
in nnsaturated blood, estimation of, 
296 

interchange in lung, 170, 171 
pressure in alveoli, 170, 171, 172 
in glands, 175 
solubility in water, 161 
tension in arterial blood, 169, 170, 171 
in tissues, 168 
want, 171, 173 

Oxyhmmatin, 147, see also Haematin 
Oxy haemoglobin, 145, 148, 247 
absorption spectrum of, 152, 249 
crystals, 136, 145, 146, 241 
dissociation curve in blood, 168 
in water, 166, 167 
estimation of, 146, 282-284 
in muscle, 264 
in urine, 214 

photographic spectrum of, 250^ 
preparation of pure, 251 
Oxyntic cells of gastric glands, 100-102 
Oxyphenyl, 47 
/-Oxyphenyl-alanine, 47 
Oxyphenyl-ethylamine, 117 
Oxyproline, 49, 63, 54 


Pale muscle, 254 
Palmitic acid, 34, 35, 36 
Palmitin, 34, 36, 75 
melting-point, 34 
Palraityl, 35 

Pancreas, extirpation of, 118 
grafting of, 118 
internal secretion of, 118, 119 
nerves of, 112 
structure of, 110 
Pancreatic digest, 240 
digestion, 86, 107, 108,,240 
hormone, 119 

juice, 27, no, 111, 239-241 
actions of, 113-115, 240, 241 
artificial, 110 

characters and composition of, 110, 
239 

regurgitation into stomach, 103 
secretion of, 111-113 
lipase, 90, 114 

secretion, demonstration of, 239 
Para-mucin, 62 
-myosinogen, 60, 252, 253 
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Parasites, gastric juice on, 80 
Parasitic worms and anti-trypsin, 106 
Parietal or oxyntic cells of fundus glands, 
100, 101, 102 
Parotid gland, 95 
saliva, 97 

Partial pressure of a gas, 162 
of oxygen in tissues, 171 
Passive immunity, 156 
Pasteur on circular polarisation, 291 
Pathogenic bacteria, 158 
Pathological urine, 207 
pigments of, 278 
Pauli on ionic actions, 311 
Pavloff on entero-kinase, 90 

on secretory nerves of stomach, 102 
on rennin, 103 
on succus entericus, 112, 113 
Pavy on fate of liver glycogen, 128 
on carbohydrate radical in proteins, 
62 

Pavy’s solution for glucose estimation, 

210 

Peas, 70 

Penicillium and circular polarisation, 291 
Pentoses, 23, 64 
tests for, 224, 225 

Pepsin, 88, 89, 90, 98, 101, 102, 103 
-hydrochloric acid, 90, 102 
on polypeptides, 114 
precipitation of, 103 
Pepsinogen, 90, 101 
Peptic activity, estimation of, 233-235 
digestion, 103-106 
exercises on, 85 

Peptolytic or peptoclastic enzymes, 89, 
91, 113 

Peptone, 45, 52, 57, 66, 89, 104, 105, 
217, 240 
blood, 138, 243 

commercial, exercises on, 42, 232 
effect of intra-vasciilar injection of, on 
blood pressure and leucocytes, 243 
in urine, 213 
and pus, 213 
nature of, 66 
plasma, 138, 243 
precipitants for, 105, 232, 233 
tests for, 41, 42 
Peptonuria, 213 
Perfect foods, 70, 72 
Peristalsis in stomach, 98 
Permeability, 314 
Peroxidase of milk, 154 
Pettenkofer’s test for bile salts, 108, 123 
Pfluger’s method of glycogen estimation, 
222 

Phagocytes and bacteria, 155, 158 I 

Phenaceturic acid in urine, 211 | 


Phenol, 18, 116, 194 
-phthalein, 32, 33, 315 
test for blood, 136 
tests for, 12 
Phenyl, 46 
-alanine, 46 

intra-vascular injection of, 131 
-hydrazine test for sugars, 28, 214, 
223 

-phthalein, test for, etc., 194 
-sulphate of potassium, 194 
Phloridzin, 119 
diabetes, 119 

Phloroglucinol reaction for pentoses, 225 
Phosphate, stellar, 205, 206 
triple, 205, 206 

Phosphates, alkaline, in urine, tests for, 
179 

deposits in urine, 197, 203, 205, 206 
tests for, 205 

earthy, in urine, estimation of, 270 
tests for, 179 
in urine, 194, 195 
daily amount, 195 
estimation of total, 270, 271 
origin of, 9, 193, 195 
Phosphatides, 37-40, 144, 256 
Phospho-molybdic acid, 271 
-proteins, 58, 61 
importance of, 61 

Phosphorus, 1, 7, 8, see Atomic Weights 
of Elements 

estimation of total, 270, 271 
in nerve degeneration, 257 
in serum globulin, 61 
Phospho-tungstic acid, 52, 266 
solution, 266 

Photographic spectra, 250 
Phrenosin, 39 
Phrenosinic acid, 39 
Phyllo-porphyrin, 147 
Physiological chemistry, 1 
compounds, tests for elements in, 5-7 
tests for, 216-220 
salt solution, 144, 306 
Phyto-cholesterols, see Phytosterols 
Phytosterols, 38, 126 
Pickering and Hewitt on blood, 139 
Picramic acid test for glucose, 24, 25 
Picric acid, 12, 24 
Pigment of muscle, 254 
of urine, 274-278 
absorption spectra of, 277 
of red corpuscles, 145-147 
Pilocarpine injection on zymogen gran¬ 
ules, 241 

Piotrowski’s reaction, 41, 58 
Placenta, putrefaction of, 116 
Plain muscle, 253, 254 
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Plane of polarisation,'rotation of, 288 
Plane-polarised light, 286 
Plasma of muscle, 252 
blood, composition of, 141 
citrate, 242 
exercises on, 133 
fluoride, 242 

gases of, 142, 148, 161-169 
leech extract, 138, 242 
magnesium sulphate, 133, 134 
oxalate, 133, 242 
peptone, 243 
preparation of pure, 141 
proteins of, 142, 143 
sodium sulphate, 133 
Poisonous proteins, 86 
Polarimeters, 25, 289 
of Laurent, 289 

Polarimetric estimation of glucose, 224, 
291 

Polarisation, circular, 288, 291 
of light, 284 
Polarised light, 24, 286 

action of carbohydrates on, 289 
proteins on, 56, 289 
Polariser prism, 286, 290 
Polarising microscope, 288 
Polished rice and beri-beri, 82 
Polynucleotides, 65 
Polypeptides, 45, 51, 66, 89, 91, 114 
Polyphenols, 266 
Polysaccharides, 23, 28, 88 
tests for, 20, 21 

Popielski on pancreatic secretion, 111 
Pork, indigestibility of, 77 
Portal vein, 120 

Positive electrical charges, 92, 300 
phase in clotting, 137 
Potash, alcoholic, 32 
Potassio-mercuric iodide, 232 
Potassium, 1, 8, see Atomic Weights of 
Elements 
caseinogenate, 74 
emission spectrum of, 149 
ferricyanide on oxyhsemoglobin, 164, 
294 

ferrocyanide in phosphate estimation, 

m 

in tissues, detection of, 256 
-indoxyl sulphate, 193, 194 
oxalate in ammonia estimation, 261 
palmitate, 36 

permanganate solution, 226 
thiocyanate, 84, 97 
solution for chlorides, 268, 269 
Potatoes, 71 “ 

Potato-starch, 20 
Precipitants of proteins, 57 
Precipitation, 57 


Precipitins, 76, 159 
specificity of, 159 

Pregl on micro-elementary analysis, 317 
Pressor bases in urine, 117 
Primary alcohol, 14 
oxidation of, 14, 15 
propyl alcohol, 14 
proteoses, 104, 105, 113, 232 
salts of uric acid, 198 
Principal cells of gastric glands, 100 
Prisms in direct vision spectroscope, 150 
Pro-amylase, 113 
Proline, 49, 53, 54 
Prolipase, 113 
Propeptones, see Proteoses 
Propionic acid, 45, 46 
aldehyde, 14 
Propyl alcohol, 14 
ketone, 15 

Pro-secretin, 111, 239 
Prosthetic group in proteins, 62 
Protagon, 38 
Protamines, 58? 59, 63 
Protective inoculation, 154 
Protein hydrolysis, 65 
metabolism, 44, 187 
-sparing food, 61 

Proteins, 1, 2, 5, 8, 41-67, 70, 80, 83, 216 
absorption of, 128 
chromo-, 62 
classification of, 58 
cleavage products, 45-54, 72, 129 
coagulated, 57 

colour reactions of, 41, 42, 56 
composition of, 2, 44 
conjugated, 61 
crystallisation of, 56, 229 
definition of, 44 

digestion of, by gastric juice, 85, 104 
by pancreatic juice, 107, 113, 114 
flocculent precipitate of, 309 
gluco-, 62 

heat coagulation of, 41, 55 
in pathological urine, 213 
nitrogen distribution in, 53, 54 
nucleo-, 62 

of blood-plasma, 133, 142, 143 
of milk, 73, 74 
of muscle, 252-254 
of serum, 133, 142 
osmotic pressure of, 308 
phospho-, 61 
precipitants of, 41, 57 
putrefaction of, 116 
salting out, 57, 58 
sclero-, 60 
separation of, 233 
solubilities of, 54, 55 
tests for, 41-43 
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Proteoclastic enzymes, 89 
activity of, 233-2^5 
Proteolytic enzymes, 89 
Proteoses, 42, 45, 53, 57, 95, 89, 104, 
113, 216, 217, 232 
in urine, 213 

intra-vascular injection of, 129, 243 
separation of, 233 
Pro-thrombin, 90, 139 
Protoncs, 58 
Protoplasm, 2 

and surface tension, 312, 313 
chemical structure of, 2 
substances in, 2 
Proto-proteose, 104, 105, 232 
Protrypsinogen, 113 
Pseudo-globulin, 134, 253 
-mucin, 62 

Pseudopodia formation, 312 
Ptomaines, 86 

Ptyalin, 27, 84, 88, 91, 97, 98 
Pulmonary ventilation, 174 
Pulses, 79 

Pump, mercurial air-, 292 
Puncture diabetes, 119 
Purine, 65, 200 
bases, 50, 61, 63, (H, 200 
Purpurate of ammonia, 196 
Pus in urine, 203, 206, 214 
tests for, 214, 219 
Putrefaction, I, 27, 86, 116 
Putrescine, 116 
in urine, 215 

Pycnometer, Schmalz’s capillary, 284 
micro-, 318 

Pyloric glands, 99, 100 
Pyridine, 18 

Pyrimidine bases, 49, 50, 63, 61 
ring, 49 

Pyrocatechin in urine, 278 
Pyrrol, 18, 224 
ring, 47 

Pyrrolidine-carboxylic acid, 49 
derivatives, 49 


Quadriuratkh, 199 
Quantitative estimation of albumin, 207 
of ammonia, 260 
of chlorides, 268 
of creatine, 267 
of creatinine, 267 
of enzymes, 2^13-235 
of fats in milk, 2.31 
of glucose, 208-210, 224-227, 244-246 
of glycogen, 222 
of lactose, 211 
of maltose, 211, 228 
of nitrogen, 259 


t^Hiantilalive estimation of plicBphates, 

269 

of phog|4u)rus, 270 
of sucrose, 211 
of sulphates, 272 
of sulphur* 273 
of urea, 179, 262 
of uric acid, 265, 266 
of uroclmmie, 275 

(^)nantity ami tension of gas in bloml, 164 
CJuartz, inthience on light, 290 
use in j)o!arimeic*f, 2!MI 


Racemic acid, 291 
Rainsden on milk fat, 75 
Rancid oil, Xl 
Range of indicators, 315 
Ranke’s tliet* 71 
Reaction of blood, 169 
of fluids* determinatiem f»f, 315 
velocity, 92 

Reactions of first ordcT, !I2 
of secontl order, 93 
Receptor grempi, 157 
Red blood corpuscles, 143 
composition of, 144 

Red corpuscles, enumeration of, 278**J<2 
action of reagents on, 144 
pigment of, 145 
estimation of, 282-284 
R(*d muscle, 254 
Reduced luematin, 147, 24H 
absor[>tion spectnmi, 249 
Inemoglobin, s/r I henuigloliiii, 135 
Reducing action f>f usi^afunilc’d Ifodimi, 
34 

agents, 148 
power of sugarfi, 211 
sugars. c'Siimalion of, 219, 211, 224- 
227, 244-2411 
Reductases, 89 

Reeves on vegela})li? protein, 239 
Keflex action (salivaj, 95 
Reid, Wrymoiitli, on alourplioii, 311 
Rermel, 57, 68, 73, 74. 77. 89* lliR 193, 
239* 231 

Resin, alddiytltf, 11 
Respiration* chemistry of, 169 
c.xtrrnid, 169 
intensity of* 177, 178 
intenml or llHsiir, 169. 175 
normal chemical hir, I7t 

regulation of, 173, 174 
Ropiratory centre', 174 

edect of bloofl gases on, 173, 174 
effecl of iicrvifs'ciri, 174 
oxygen of 148 

pigmenti, 145, 165 
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Respiratory quotient, 161 
effect of diet on, 161 
Reversibility of enzyme action, 94 
Rhythmical action, Howell on, 301 
«?-Ribose, 64, 65 
Rice and gliadin, 67 
Ricin, 156 

Rigor mortis, 80, 89, 253 

scheme of changes in, 253 
Ringed amino-acids, 49 
Ringer on contractile tissues, 301 
Roafs method of comparing proteolytic 
activity of enzymes, 233 
Rollett’s absorption spectra of heemo- 
globin, 151 

Rose’s reaction for protein, 41, 58 
Rosenheim’s formaldehyde reaction, 41 
test for sulphates, 273 
Rotation of plane of polarisation, 288 
Rotatory power, specific, 290 
Rothera’s test for acetone, 212 


Saccharic acid, 25, 224 
sugars yielding, 224 
Saccharimecer, Einhorn’s, 208 
Laurent’s, 289 

Sahli’s hsemoglobinometer, 283 
St Martin, Alexis, fistula of, 100 
Salicin, 30 

Salicylic acid in urine, 211 
and Tollens’ test, 225 
alcohol, 30 

Salicyl-sulphonic acid, use of, in separa¬ 
tion of proteins, 233 
Saliva, 27, 43, 95 
action of, 98 
composition of, 97 
tests with, 84 
Salivary corpuscles, 97 
glands, 95-97 

nerve supply of, 95 

Salkowski’s reaction for cholesterol, 109 
Salmine, 59 

Salt solution, physiological, 144 
Salted blood-plasma, 133, 138 
muscle plasma, 252 
whey, 69 

Salting out colloid carbohydrates, 29 
proteins, 29, 68? 66 
Salts of blood, 143 
of milk, 75' 
of urine, 192 

Sampling tube, Haldane’s, 170 
Saponification, 32, 36, 114, 131 
Saponin, 159 
action on egg cells, 301 
Sarco-lactic acid, 175, 252 
in nerve, 256 


Sarcolemma, 61 
Sarcosine, 48, 191 
Scatole, 47, 116 

Schafer on fat absorption, 130, 131 
Schiff on circulation of bile, 122, 125 
on the biuret reaction, 57 
Schiff’s test for uric acid, 196 
Schizomycetes, types of, 87 
Schlosing’s method of ammonia estima¬ 
tion, 260 

Schmalz’s capillary pycnometer, 284 
Schmidt on salts of plasma, 143 
Schmidt’s method of thrombin pre¬ 
paration, 143 

Schroder’s experiments on urea forma¬ 
tion, 189 

Schiitz’s law of enzyme action, 95, 234 
Schryver’s method for obtaining vege¬ 
table protein, 230 
Sclero-proteins, 58, 60 
Scott on regulation of respiration, 173, 174 
Scurvy, 82 
Sebum, 38 

Secondary alcohols, 15 
oxidation of, 15 
propyl alcohol, 15 
proteose, 104 
salts of uric acid, 198 
Secretin, 111, 112 
preparation of, 239 
Secretion, external, 118 
internal, 118 
of gastric juice, 98 
of pancreatic juice, 111 
of oxygen in lung, 171 
in swim bladder, 171 
of saliva, 95 

Sediments in urine, table of, 206 
Seeds, proteins in, 67 
Semi-normal potassium bichromate, 267 
permeable membranes, 304 
Serine, 45, 46 
Serous alveoli, 96 
gland, 95 

Serpent’s urine, 264 
Serum, 55, 141-143 
agglutinating action of, 158 
Serum albumin, 59, 134, 142 
cleavage products of, 50 
crystallisation of, 56, 229 
heat coagulation of, 55 
bactericidal action of, 155, 156, 157 
gases of, 142 

globulicidal action of, 155, 156, 157 
Serum globulin, 60,134, 142 
cleavage products of, 50 
coagulation of, 55 
phosphorus in, 61 
tests for, 134 
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Serum, glucose in, estimation t»f, 244-240 
luleini, ISS 
proteins, 142 
separation of, 134 
tests for, 133, 134 
Sbam feeding, 103 
Sheep*s-wool fat, 38 

Sherrington’s solution for leucocytes, 2Hl 
Side-chain theory of immunity, 150, 157 
Silicic-acid filter, 310 
Silicon, 1, .fev? Atomic Weights of KIcments 
Silver, sec Atomic Weights of Elements 
nitrate solution for estimating chlo» 
rides, 268 
Skatole, 110 
Skatoxyl, 278 
red, 278 

Skimmed milk, 68, 73 
Skin, 9 

Smoky urine, 214 
Snake poisoning, 156 
venom, BO 
nature of, 150 

Soaps, as, S6, 111, 114, 121 
emulsifying action of, 115 
Sodium hydrosulphite, 135, 148 
Sodium, 1, 8, see Atomic Weights of 
Elements 

carbonate in Idood, IfiO 
caseinogenate, 74 
chloride, action on fil>rinc»gen, 142 
on deutero-proteose, 232, 233 
on nucleo-proteins, 03, 244 
emission spectrum of, 149 
hypohromite .solution, IHO 
action on urea, 185 
method for urea, 180 
defects of, 202 

phosphate and alkali-metaprotcin, 43 
acid in urine, 183 
sulphate plasma, 133 
Sol, 309 

Solar spectrum, 149 

Soluble starch, 28 

Solution affinities and diffusion, 313 

Solution.s, 302 

Sorbitol, 22 

Sorensen’s method of comparing 
enzymes, 235 
Surel’s band, 251 
Soup, 81 

Souring of milk, 75, 80 
Soy beans, 185, 262t 517 
Specific: gravity of lilood, esiimalion oL 
284 

of milk, 72 
of urine, 183 

oxygen ciifnirity of hiemogbibio, 105 
rotatory power, 29ft 


Spcrifu'iiy of en/ymrs, 05, 90 
Spectra of likiml pigments and deri^’a- 
tives, l^M, 150-153, 247-251 
photogra|ihic*, of lia-moglobiii, 250 
of mcthmmoglohiii, 249 
cif (»xyh;c*moglobiiu 249 
of urinary pigments, 277 
Spectrometric method for «‘h«iIi3lerol 
estimation, 317 
Spectroscope, 148* 150 
SpermatozcKi, 58, 03 
action on egg«ccdl, 301 
in urine, 203 
Sphiuro-crystalfi, 4f) 

Sphingo-mycliii, 37, 4K}, 250 
Sphingosiiie, 38 
Spirometer, 172 
Spleen hormone, 113 
Splitting process, 94 
Spores, 80 
Stalagmometer, 313 

Stannous compound of blood pigiiicfitf, 

248 

StaphylcKacctis and peptomiria, 213 
Starch, 2, 27, 28, 80, 88, 92, M, 210 
action of dkitait* {maltl on, 
cellulose, 28 
grains, 28 
graiiulose, 28 
salivary digestion of, 98 
Starch, soluble, 28 
tests for, 20 

Starling on osmotir pressure «»f profriiis, 

308 

Starling and Ibiyliss on sre-rriiti, III 
Stearic’ acid, 33, 31, 35 
Slcsirin, 34, 35 
Slrarj'l, 35 

Sirin s meth<«l fot lu’inogbdiiii rry‘4iils, 

145 

Stellar phosplialrs in tirinr, III I, t5l5, 200 
Slercfibilin, 124, 1S2. 275 
Slerc'o-dicniiail isoiiirrisiii, 23 
Stewart's dietary, 71 
Si imiiknts, 81 
Stokes’s rciigcrit, 135. 148 
Sloiimcli glafidii, 101, lOO 
secret it 41 of, I0| 

St urine, 59 
Siililingiiiil glaral, 97 
Mliva, 97 

Sisbrnaxillsry gLifiil, 90, 97 
•aliva, 97 

88, fl. 91. 219. 

Siicxiis minkus 211, fit, 112 
Hiicrosr, 23, 2S, 91* 91, 2111, ^ 
loffiiiila t#f, 31 
csitsiiitbm of, 211 
ill iirif}c% 26 
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Sucrose, inversion of, 26 
tests for, 20 
Sudan III. fat stain, 34 
Sugar of blood, 128, 143 
estimation of, 244-247 
of urine, 213 

confirmatory tests for, 214 
estimation of, 208 
Sugar-cane, 26 
wSugar maple, 26 
Sugars, 23-28 
phenyl-hydrazine, test for, 
reducing, 19 

Sulphates in urine, 9, 192, 193, 

272-274 

amount per diem, 193 
and urea excretion, 193 
estimation of ethereal, 272 
inorganic, 272 
total, 272 

Sulphonal poisoning, urine in, 276 
Sulphur, 1, 9, see Atomic Weights of 
Elements 

in urine, estimation of total, 273 
micro-estimation of, 317 
tests for, 6, 7 
Sulphuric acid, 44 

Superheated steam, action on fats, 3f) 
on proteins, 65 
Suprarenal, removal of, 118 
Surface tension, 312 
and bile, 132 
measurement of, 313 
Suspending medium, 33 
Suspension, 54, 311, 312 
Sweetbreads and uric acid, 201 
Swim-bladder, secretion in, 173 
Symbols of elements,Preface 
Sympathetic nerve, 95 
saliva, 97 

Synthesis of proteins in intestine, 129 
in tissues, 129 

Synthetic process (enzyme action), SI4 


Tannin, 81, 232 
Tapetum, 201 
Tapeworms, 80 
Tartaric acid, 194 

and circular polarisation, 291 
Taurine, 205 
in faeces, 125 
Tauro-carbamic acid, 125 
Taurocholate of sodium, 122, 123 
Taurocholic acid, 123 
Tautomerism, 30, 199 
Tchistovitch’s experiments, 159 
Tea, 81, 200 

Teichmann’s crystals, 146 


Temperature indicator in Folin’s method, 
264 

'rendo-inucoid, 62 
i Tendon, 43 

' Tension of carbonic dioxide in blood, 172 
of gas in fluid, 161 
‘ ■ measiircment of, 163 
of gases in tissues, 172 
' oxygen in blood, 172 
t Terpene series, 37 
, Tertiary alcohol, 15 

aiccihols, oxidation of, 15 
^ Testis, 244 
I removal of, 118 
= Tetra-peptides, 52 
; Tetroses, 23 
Theine, 81 

'Fheobromine, 81, 200 
Theopliylline, 200 
Thoma-Zeiss lisemacytometer, 280 
Thoracic duct, 131 
Thrombin, 89, 90, 138-141, 143 
preparation of, 133 

Schmidt’s, method of preparation, 143 
Thrombogen, 90, 139 
Thrombokinase, 90, 139 
Thrombo-plastin or kinase, 90 
Thudichum on protagon, 39 
Thymine, 50, 64 
Thyroid, 8 
removal of, 118 

Tin, 139, .sw Atomic Weights of Elements 
Tissue enzymes, 65, 191 
fibrinogen, 244 
metabolism, 187-190 
Tissue protein, 187 
respiration, 160, 175, 176 
Tissues, functional activity of, 307 
gaseous exchange in, 171 
Titration acidity, 316 
Tollens’ test for glycuronic acid, 225 
Tomes on enamel, 60 
Tonometer, Barcroft’s, 165 
Tonsils, 97 
Tooth, 9 

Topfer’s test for hydrochloric acid, 238 
Torricellian vacuum, 148 
Toxins, 38, 156, 159 
mode of action, 157 
Triacetin, 35 
Tribromo-phenol test, 12 
Trichime, 80 

Trichloracetic acid in the preparation of 
proteins, 233 

Trihydric alcohols, 15, 35 
Trimethylamine in nerve degeneration, 
25B 

Trimelbyl-xanthine, 200 
Triolein, 35 
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Trioses, 23 
Trioxypurine, 65, 200 
Tripalmitin, 35 
Tripeptides, 52 

Triple phosphate, 195, 197, 205, 206 
Tristearin, 35 
Trivalent ions, 300 
Trommer’s test, 19, 24, 69 
Tropseolin test for hydrochloric acid, 238 
True acidity of urine, 316 
Trypsin, 89, 90, 110, 113, 114, 240 
Trypsinogen, 90, 110, 113, 240 
Mellanby and Woolley on, 113 
Tryptic activity, estimation of, 233-235 
Tryptophane, 46, 47, 53, 54, 61, 114 
intra-vascular injection of, 131 
test for, 240 

Tabulo-racemose gland, 110 
Tunicates, cellulose in, 29 
Tyndall phenomenon, 311 
Tyrosine, 18,46,47, 61, 111, 114, 241,242 
crystals, 47 


in urine, 203, 20f 
intra-vascular injj 
preparation of, 
tests for, 241 
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U FFELMAnn’s reaction for lactic acid, 238 
reagent, 238 

Ultra-microscopic observation, 311 
Umbilical cord, 43 
Uncooked starch, ptyalin and, 98 
Unimolecular reactions, 92, 94 
Unpeptonised proteins, bile on, 108 
Unsaturated bodies, 34 
Uracil, 50, 64 
Uraemia, 186 

Uranium solution, standard, preparation 
of, 269 

and phosphoric acid, 269 
Urate, acid ammonium, deposit of, 203, 
204, 206 

acid sodium, deposit of, 203, 204, 206 
Urates, 198, 199 
a and form of, 199 
and Fehling’s test, 213 
deposit in urine, 197, 203, 204, 206 
Urea, 2, 9, 44, 91,184-190, 202, 206, 219 
characters and composition of, 184 
compounds of, 184 
decomposition of, 184, 185 
estimation of, by hypobromite, 180, 185 
Benedict’s method, 263 
Folin’s method, 264 
urease method, 262, 317 
mode and site of formation, 186-190 
nitrate, 184, 185 
formation of, 196 


Urea oxalate, 184, 185 
formation of, 196 
preparation of, 262 
quantity excreted, 183, 185 
tests for, 179, 262 
Urease in soy beans, 185, 262, 317 
Uric acid, 64, 198-203, 219 
amount excreted, 199 
characters of, 198 
crystals of, 199 

deposit in urine, 197, 203, 204, 206 
estimation of, 199 
Folin and Macallum’s method, 266 
Folin-Schaffer method, 265 
Hopkins’ method, 265 
in blood, estimation of, 266 
lactam form, 199, 201 
lactim form, 199, 201 
preparation from urine, 198 
preparation of pure, 264 
primary salts of, 197 
secondary salts of, 197 
tests for, 196, 197 
icolytic enzyme, 203 
ina potus, 183 
finary calculi, 204 
fdeposits, 203, 206 
frine, 9, 179-215, 219, 259, 278 
albumin in, 207, 213 
estimation of, 207 
amino-acids in, 187, 215 
in normal, 215 
amount, 182 
bile in, 212, 214, 275 
blood in, 214, 276 
blood pigment in, 214 
characters of, 182 
chlorides of, 193, 268 
chromogens of, 277 
composition of, 183-184 
formation of, 182 
and osmotic pressure, 307 
inorganic constituents of, 9, 192, 268 
'micro-cher^jiCal analysis df, 317 
pathological, 207-215 
. peptone in, 213 

phosphates of, 9, 194, 195, 269-271 
pigments of, 274-278 
pressor bases of, 117 
sulphates of, 9, 193, 272-274 
tests for, 179, 196 
Urinometer, 183 

Urobilin, 124, 182, 183, 214, 275, 276 
absorption spectrum, 277 
acid, 276 

absorption spectrum of, 277 
preparation of, 275 
Urobilinogen, 182, 275 
Urochrome, 183, 274 



